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PREFACE 


The writer has long felt the need of a scientific treatment 
of industiial management Hundreds of young men aie now 
in our schools and colleges intending to engage in the world 
of affairs, and it is exceedingly important that they gain a 
clear conception of the principles imderlying the successful 
conduct of industrial entoipiises 

The material in this book is gathered from many souices 
Merely to mention the people to whom the author is indebted 
for data within these covers would fiU seveial pages with 
names The writer has endeavored to give full credit in the 
text for the drawings, plates, and diagrams, and, unless ac- 
cidentally overlooked, aU books and articles from which he has 
received assistance have been cited In the text, however, 
there is no mention of his obligations to Judge Elbeit H Gaiy 
and Ml Kichard Trimble, of the United States Steel Corpora- 
tion, to Ml Wm Laughlm, of Annour and Company, Mi H 
C Folgei, Ji , of the Standard Oil Company, Mi E CoUiiis, 
Ji , of the Sauquoit Silk Manufactuiing Company, Mi L 
A Osborne, Vice-Presidont of the Westinghouse Electric and 
Maniifacturmg Company, and Mi H E Neise, of the Amei- 
ican Sugar Refining Company, so he takes this opportunity 
to thank them for their many favors lie is fuithei indebted 
to his colleagues in the departments of Economics and Engi- 



fleering of the UniTeisily of Illinois, to his formei associates 
at the Universily of Pennayhania and Ohio State Univeisity 
Professois E H Waldo and E L Bogait, his colleagues 
at the Univeisity of Illinois, have been very heliiM, the 
former read aU the chapteis pertaining to the engmeeiing 
matteis, in addition to many of the others Piofessoi Emory 
E Johnson, his former teacher at Pemisylvama, read the 
entire manuscript, and made many improvements in style 
and expiession This paragraph would be incomplete with- 
out special mention of his sister, to whom the writei is 
indebted for the work of piepaimg the manuscrixit foi the 
punter In addition to that oneioiis task she has given 
many suggestions as to form, exjiression, and selection of 
contents, which have been of voiy gieat assistance 

In legisteimg his thanks, houevei, the wiitei does not 
wish to have anyone but himself blamed foi any deficiencies 
which exist in the volume, as the plan and treatment are his 
own 

It IS his hope that the book will be of service to the stu- 
dents of accountancy as well as to those of general business 
The accountant should have knowledge of more than the 
mere methods of making entires in hooks and the drafting 
of financial statements therefiom He should he able to 
appreciate the kmd of information which the management 
needs, and the extent to which accounting records can gather 
the vaiious types of infoimation The hook is written to 
give both the accountant and the general student of business 
a brief presentation of the underlying principles of the sci- 
ence of management 

In teachmg the subject the writer has found it exceed- 



PEEFACE IX 

ingly helpful to the instructoi and piofitable to the student 
to have fiequent visits to modem plants and then have caie- 
fully written leports piesented which discuss those factoia 
which contiibiite to the success of the enteipiise oi tend to 
its failure Such trips should be made with the teacher or 
with some competent guide, and may well be made the basis 
of interesting class-room discussion 

John C Dunoan 

Uwivebsity of Illinois Urbana, III 
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PART ONE 

THE ECONOMIC ENVIRONMENI 




CHAPTER I 

THE PROBLEMS 

Industrial plants and business houses of vaiious kinds 
glow and decay Industries j)iospei in some sections of the 
^ountiy, while in others they have eithei failed or aie living 
a miserable existence The census reports at times show 
ceitam territory having a most remarkable development in 
production which a decade before was unknown in the manu- 
facturing world Within the same area industries pass from 
one set of owners to another Frequently within a genera- 
tion, miknown workmen advance to the proprietorships of 
plants Great establishments, whose positions were once 
impregnable and whose influences were enormous, have lived 
to see their power pass to other concerns prospermg imder 
diffeient regimes 

Why do industries move from one section of the country 
to another? Why is it that firms in the section wherein the 
industiies are located rise and frequently fail after havmg 
built up a large business and established a national or even 
World-Wide reputation? 

The prosperity of an enterpiise depends in general upon 
four factors 

1 The economic environment 

2 The equipment of the plant 

8 The organization and management of the plant 

4 The seUmg department 

The economic environment provides convenient situations 
which make possible the cheap production and profitable 
disposal of the goods 


4 



4 THE PRINCIPLES OP INDUSTRIAL MANAGEMENT 

The equipment of the plant provides sheltei foi the em- 
ployees and the tools, and also supplies mechanical means 
by which the raw materials can be changed into salable 
products 

On the organization and management of the plant depend 
the owners’ ability to utilize to the best advantage their law 
materials and the time of the men they emploj’- 

The selling department makes an outlet foi the goods 

The successful lunnmg of a concern lesolves itself into 
ten problems 

1 Wheie shall the plant be located? 

2 To what extent shall the business be integiated and 
concentrated? 

8 To what extent shall the enterprise be specialized? 

4 How shall the plant be built? 

6 What form of powei shall be emiiloyed to run the 
plant? 

6 What shall be the basis of its internal organization? 

7 How shall the labor foice be handled? 

8 How shah, the raw materials be treated? 

9 How shall we deteimine the efficiency of oiii equip- 
ment? 

10 How shall the goods be distributed to the consumer ? 

This volume will confine itself to the discussion of the 

industrial problems, hence it will consider only the first nine 
of the above questions The tenth is so important that it 
can be adequately handled only by making it the special 
topic of another treatise 



CHAPTER II 

GENERAL THEORY OF INDUSTRIAL LOCATION 


The census repoitof 1905 shows that the United States in 
that year produced nearly $16,000,000,000 worth of manu- 
factured goods i If we tabulate the fifteen most productive 
states in the order of their rank, we find that they arrange 
themselves as follows 


6 

6 

7 

8 


life State 
New York 
Pennsylvania 
Illinois 

Massachusetts 

Ohio 

New Jersey 

Missouri 

Michigan 


Value of Products 

$2,488,846,579 

1,966,661,332 

1,410,342,129 

1,124,092,061 

960,811,867 

774,369,026 

439,648,967 

429,120,060 


Rank State 
9 Wisconsin 

10 Indiana 

11 Connecticut 

12 California 

13 Minnesota 

14 Maryland 

16 Rhode Island 


Value of Products 
$411,139,681 
393,954,406 
369,082,091 
367,218,494 
807,858,073 
243,376,996 



Total for 16 States 


If we exclude California and Missouri from the list, we 
find that the total productivity is reduced by little moie than 
$800,000,000, and that three fourths of the entire manu- 
factured goods in the United States are made within states 
having a total area of less than 450,000 square miles, less 
than one seventh of the entire area of the United States, 
excluding oui insular possessions 

If we make an analysis by industrial districts, the fact is 
brought out stiU more prominently, as shown by the follow- 
ing table 


>■ Statistical Abstract of the United States, 1909, pp 192, 193 
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6 THE PRINCIPLES OP INDUSTRIAL MANAGEMENT 


AREA POPULATION AND VALUE OP MANUFACTURING 
PRODUCTS FOR THIRTEEN SELECTED INDUSTRIAL 
DISTRICTS 1905 i 


Industrial District. 

|S<, m.i"b 

j 

Population 

Value of Produota 


702 

6,294,682 

$2,144,488,093 


500 

2,116,000 » 

970,974,280 


501 

1,688,0008 

677,781,117 


502 

1,354,663 

467,254,360 

Pittsburg and Alleghany 

198 

722,0008] 

388,490,468 

St Louis 

206 

716,0008 : 

819,709,859 

Bdltunore 

246 

610,0008 

202,669,272 

Cincinnati 

161 

498,0008 

208,096,606 

Cleveland 

200 

492,000 8 

179,184,277 

Buffalo 

201 

423,390 

168,111,668 

Minneapolis and St Paul 

166 

472,862 

161,803,463 

San Francisco 

203 

480, 000 < 

169,083,080 

Providence 

164 

844,621 

156,299,966 

Total 

3,919 

16,211,608 

$6,183,886,487 


Leas than four thousand aqitare miles of tenitory, con- 
taining about 16,000,000 people, produced moie than $6,000,- 
000,000 worth of manufactuied goods out of the total Umted 
States production of $16,000,000,000 One per cent of the 
urea of the country, and less than twenty per cent of the pop- 
ulation, created forty per cent of the manufactures 

A careful study of the map on the opposite page (Fig 1) 
win give some idea of the way industries are concentrated 


1 Adapted from Census Bulletin No 101, Industrial Districts, 
1906, p 10 In every instance the city named mcludes many sub- 
urbs and surrounding towns 

New York includes Jersey City and Neiwark, N J , and the 
surrounding towns in New Jersey 

® Writer’s estimate based on Statistics of Cities Having a Pop- 
ulatvm of Over 80,000, Special Reports, Bureau of Census 

•* Based on estimates of 1904, as reported m Table 1, pp 111 to 
118, Statistics of Cities Having a Fojmlalwnof Over 80,000, Special 
Reports, Bureau of Census 




8 THE PRINCIPLES OP INDUSTRIAL MANAGEMENT 


into certain localities in the United States The Industrial 
United States includes the section north of the Ohio River 
and the Mason and Dixon Line, and east of the Mississippi 
River, ^¥lth smaRei sections like the Birmingham district in 
Alabama, the Pueblo distiict in Colorado, and Kansas Cily 
m Kansas and Missomi 

The distribution of industiies fiom the standpoint of the 
nature of the industiy, shows that this gieat distiict has 
withm it very marked divisions 

The little state of Rhode Island ranks fiist in the pioduc- 
tion of silverware and jeweliy, second as a manufactuiei of 
woisted goods, third in dyemg and finishing textiles, fomth 
as a maker of cotton goods Connecticut is fiist in the 
production of eleven articles, typical products of which aie 
needles and pins, ammimition, biass work, coisets, haid- 
waie, and cutlery Massachusetts is preeminently a shoe 
and textile state It ranks first in the pioduction of cotton 
goods, woolens, and aR kinds of shoe inoducts New York 
holds the lecoid with twenty-nine first places, including 
olothmg, furmture, men’s furnishing goods, gas, paper and 
wood pulp, printing and publishing, sugar refining, and a 
number of othei less important industries New Jersey is first 
in dyeing and finishing textiles, as aproducer of silk and silk 
goods, and as a manufacturer of sewing machines and attach- 
ments Pennsylvania holds first place in nme departments 
of industrial activity, among which are carpet and mg man- 
ufacturing, cars, coke, foundry and machine-shop products, 
glass, iron and steel, petiolenm lefimng, and leather tanning 
It takes second place in the manufacture of silk goods, piint- 
mg and publishing, women’s clothing, electrical apparatus, 
hosieiy and knit goods, lumbei and planmg-mill products 
In the refining of sugar it ranks third lUinoia has six firsts, 
incliidmg meat packing, agiicultural implements, bicycles, 
glucose, and distiRed liquors Ohio has three firsts — clay 
products carnagea and wagons and carnage and wagon 



GENERAL THEORY OP INDUSTRIAL LOCATION 9 

mateiials, is second in non and steel, and thud in foundry 
and machine-shop products The gieat flour state is Minne- 
sota, with New Yoik ranking second and Ohio thud 

Within recent years, the Southern States have become 
important in the production of certain lines of goods Ala- 
bama IS now fifth in the list of the non and steel states, 
while in the manufacturing of coke it gives place only to 
Pennsylvania South Carolina lanks second in the pioduc- 
tion of cotton goods, with Noith Caiolina a close third, both 
having outclassed many northern iivals within a decade, and 
both states are still gaming 

The Industiial map (Pig 1) shows that political bound- 
aiies are not recognised in the world of piodiiction East- 
ern Pennsylvania is industrially different from western Penn- 
sylvama The great toiests in the states of Wisconsin, 
Michigin, and Minnesota naturally gi\e them first, second, 
and third rank respectively as pi oduceis of lumber andtimbei 
products Alabama’s development in non and steel is read- 
ily accounted for because of its vast deposits of ore and coal, 
but the Southern States contain the only cotton-producing 
districts in the coimtry, yet the greatest cotton-manufactui mg 
state IS Massachusetts Illinois kills moie cattle than any 
other state, yet Pennsylvania takes fiist rank in tanning, 
while Massachusetts is second, New York thud, and Illinois 
seventh place Montana is the greatest producer of raw wool 
in the country, yet Massachusetts makes more woolen and 
woisted goods than any other state in the Union Pennsyl- 
vania and Ohio aie the two greatest coal and natural gas- 
producing states in the land, yet New York is first in the 
production of gas for illumination and heating purposes 
Forty years ago, Pennsylvania was a great non and steel 
liioducmg state, because of the great productivity of the non 
woiks in its eastern portion To-day eastern Pennsylvania 
IS relatively unimportant in the non and steel business A 
generation ago Ohio imported almost all of its ahoi a fiom 
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the east To-day Ohio is one of the gieat shoeinaking states 
in the Union, giving place only to Massachusetts, New Yoik, 
and New Hampshiie ^ A scoie of othei instances might be 
cited wherein industries ha\e changed then location It 
becomes evident, therefoie, that theie must be a niimbei of 
factois which influence industiial location 

The twelfth census mentions seven factois which give use 
to the localization of mdustiies ^ 

“(1) Nearness to materials, (2) Nearness to maikets, 
(8) Water powei, (4) Pavoiablt cliniati, (5) A Suppl}' of 
labor, (6) Capital tor investment in inanutxctiiies, (7) Mo 
mentum of an early stait ” 

While aU of these causes contribute to industiial location, 
there are but four piimaiy factois, viz (1) Markets, (2) 
Haw mateiiala, (8) Labor, (4) Power 

Climate, although sometimes impoitant, as a rule has 
little infliiPiice in detenninmg location, unless it acis in con- 
junction with some 01 aU of the fom pi iniaiy factois, because 
artificial means can betaken to make a iiianufactuiing estab- 
lishment come np to nearly any lequirement of heat, cold, oi 
moisture 

The supply of capital and the momentum of an eaily stait 
each have an important influence, but they aie secondaiv 
factors, because some or all of the four primary factois must 
be present in order to give the initial impetus 

Generally speakmg, the most important factor in the 
detennination of any industrial location is the market, for 
without a means of disposing of the goods, a husmess could 
realize no profits Consequently industries locate near the 
markets when no other factors aie to be considered This is 
noticeable in the iron industry in the United States In the 


X Twelfth United States Census 1900, Vol VIi, Manufactures, 
Part I, Table LXXVI, pp clxxxiv to clxxxvii 
^ Ibid , pp ccx-ccxiv 
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early history of the coimtiy the great consuming centers for 
non weie the cities and districts scattered along the Atlantic 
coast Boston, New York, Philadelphia, Baltimore, and 
many othei smaller towns were the non users The Eastern 
States had then, and stiU have, considerable deposits of 
valuable non ore The SchuylkiH Valley was an especially 
favored district in that respect It possessed access to iron 
oie, anthracite coal, and limestone Blast furnaces, lolling 
mills, and other kinds of iron works filled the entire valley 
A great inunhei of the subsidiary industries found a profita- 
ble situation in that locality The SchuylkiU Canal offered 
cheap v atei transportation for the non to Philadelphia, from 
which city it was easily distributed by rail and water to the 
consuming points along the eastern coast 

Sixty years ago, peoiile kneiv that western Pennsylvania 
had iich deposits of iron ore, coal, and limestone In 1866, 
no less than twenty-one fiiinacps in Pennsylvania had demon- 
strated that the western coals could be used for non making i 
Long before that time, hoivevei, nature had, by the gift of an 
ideal location, destined Pittsbuig to be the great iron city 
Thiee navigable iiveis make a fortune building trinity for 
Pittsburg Two streams, flowing from opposite directions, 
bring the raw materials together at a pomt where they can 
readily be changed into fimshed products , while the third 
iivei, formed by the union of the other two, flows through 
one of the richest valleys in the world, and affords a natural 
highway for the distribution of iron products The develop- 
ment of the Ohio Valley has also been hastened by the pres- 
ence 01 gas, which supplied the most perfect fuel known for 
the mere cost of tapj)ing the ground 

After the Civil War, the great extension of railways 
through the West made such a tremendous market for iron 
and steel products that Pittsburg, with its favorable location, 

' Cf Tenth United States Census, Statiatica of Manufactures, 
Iron and Steel, p 118. 
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became known the woild ovei as the lion City Indeed, the 
great demands of the railroads foi rails caused eastern man- 
agers and pioprietois to start plants west of the Alleghenies 
In the eaily nineties the Lackawanna Steel Company moved 
its entile plant fiom eastern Peimsylvania to the lowei lake 
port of Buffalo 

Second in importance to the maiket foi the development 
of an industiy is the location of the law mateiials Pitts- 
bmg was not a gieat non city until it had a maiket outlet 
The Schuylkill Valiev failed to piodiice steel and non for the 
West, because the situation of Pittshuig in lelation to the 
raw mateiials is fai supeiior to that of eastern Pennsylvania 
It costs loss as a rule to tianspoit finished steel iiroducts than 
it does to tianspoit the law niatei lals, notwithstimdiiig the fact 
that freight rates on finished goods are usually much higher 
than on iiw materials The reason foi this is that a compa- 
ratively small percentage of the law material is transported 
when the product is completed To manufacture one ton of 
pig iron, the Edgar Thomson Plant of the Carnegie Steel 
Company, Pittshuig, requires in their blast furnace 17 cwt 
of coke, 10 cwt of limestone, and 32 2 cwt of iron oie ^ 
In other words, to transport raw material to within a inov- 
imity of the market requires the paying of freight on two 
and one half tons of material, of which only one ton is 
salable 

If a market is accessible and aH other things are equal, 
a plant, to secure its greatest advantages, will always find it 
desirable to locate near raw material, where raw mateiial is 
an important element in the cost 

In 1852, there were shipped from Marquette, Mich , six 
barrels of iron ore ^ The amount was insignificant, but 

^ “An Outline of the Metallurgy of Iron and Steel,” by A 
Humbolt Sexton, p 146 

“ “The Honorable Peter White,” by Ralph D Williams, p 67, 
The Penton Publishina: Comnanv 1906 
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it was the foreranner of one of the most important develop- 
ments in the iron and steel mdustry It levealed to the 
world a source of raw mateiial that was destined to give the 
United States fiist lahk in this field By 1889, the Lake 
Supeiior region produced more than seven and one half 
million tons of oie out of the fomteen and one half million 
total of the United States ^ In 1907, nearly 62,000,000 tons 
of ore wore produced in this country, and, of that quantity, 
the upper lake legions contributed nearly 42,000,000 tons ® 
Tlie somce of the irw material is 1,000 miles fiom Pittsburg, 
yet the deposits are so situated and so rich, and the lakes 
affoid such excellent means of transportation that the total 
cost of mining and of carrying the ore to Pittsburg is less 
than $2 00 per ton After paying all the expenses, provid- 
ing for reserves and sinking fimds, these ores sell in the 
Lower Lake Ports for from $4 00 to $6 00 per ton, depending 
on then quality ® 

Why did not the cities about the Northern Lake become 
gieat manufactuieis of non products when they have such 
great deposits of oie near at hand? Ore is only one element 
in the production of non and steel Many attempts were 
made to turn the iron oie mto finished products at the mines, 
so as to compete with the Pittsburg iron, but that city was 
near the market and the price of coke was so high, due to 
the expense of transporting it to the North, that the northern 
lake ports, long before the eighties, found that their great 
future was to be in the shipping of iron ore and not in the 
making of non For a long time, the mammoth vessels that 
carried the ore to the lower lake ports had to return without 
cargo Later it was found that coal could be tianspoited 

1 Mineral Resources of the United States, 1903, pp 41 and 46 

s Ibid , 1908, Vol I, Metallic Products, p 64 The year 1907 is 
selected because it was more nearly normal in its production 
than 1908 

» Ibid., 1908, Vol I, Metallic Products, pp 71, 72, and 77 
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north-ward m the otherwise empty holds, and non and steel 
could he made at a profit in these upper poita foi the great 
noith-west markets as long as the coal transported ineiely 
took up the otherwise vacant space in the vessels 

The Steel Trust, about thiee years ago, annoimced its in- 
tention of building a laige plant in the vicinily of Duluth, 
in order to provide steel products for the noithwestein 
market 

After Pittsburg lost its supremacy in the production of 
non ore, blast furnaces and steel plants gradually moved 
fiom the meeting-place of the Monongahela and Alleghany 
Riveis to the cities along the lower lakes Buifalo, Cleve- 
land, and Chicago have become very important, while Pitts- 
burg, although still increasing its output, is losing its pie- 
eminent iiosition In June, 1908, the It on Age records the 
construction of the greatest steel plant in the woild at Gaiy, 
Indiana, a tew miles east of Chicago That plant is located 
at the lower end of Lake Michigan, where the oie is taken 
directly from the boat to the furnace without any intoi’vemng 
railway service In this way the new Indiana city is located 
neai the market and the raw material 

Labor and power are not so important in deteimining the 
location of plants in the non and steel industries as they are 
in some others, because of two factois 

1 The inventive genius of the American has been able 
to devise so much labor-saving machinery that the large 
majority of the operations hare become almost, if not quite, 
automatic 

2 Coal and gas are raw materials for non and steel 
They likewise make power Hence the non and steel indus- 
tries when locating near raw mateiials aie hound to locate 
near power 

The extensive use of machines makes possible the pay- 
ment of high wages without the reduction of profits Labor 
thus can be brought to any vicinity where accessibility to 
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raw material and market make a location desirable foi steel 
making 

The textile industries are, on the other hand, but slightly 
affected by the souiee of raw materials as is shown from the 
following tables, the first of which shows the production of 
raw wool ^ 


State j 

Bank In 
Value 

Value 

Bank in 
Pounds : 

Pounds 

Montana 

1 

$6,911,920 

2 

32,200,000 

Wyoming 

2 

6,644,800 

1 j 

86,000,000 

Ohio 

3 , 

3,182,400 

8 

13,000,000 

Idaho 

4 

2,946,260 

3 

17,600,000 

New Mexico 

6 

2,673,000 

4 

16,600,000 

Oregon 

6 

2,669,800 

6 

16,600,000 

Utah 

7 

2,231,460 

6 

14,700,000 

Michigan 

8 

2,208,000 

10 

9,600,000 

California 

9 

1,864,020 

7 

13,800,000 

Colorado j 

10 

1,411,200 

9 

10,600,000 


Anothei bulletin shows the following with legaid to 
cotton ® 


State 

Bank In 
Value 

Value 

Bank in 

1 Bales 

Bales 

Texas i 

1 

$192,609,640 

1 

3,793,618 

Georgia 

2 

101,867,948 

2 

2,027,144 

Mississippi 

3 

84,726,223 

3 

1,668,666 

Alabama 

4 

69,066,372 

4 

1,369,841 

South Carolina 

6 

61,964,622 

6 

1,242 012 

Arkansas 

6 

62,136,939 

6 

1,027,714 

Oklahoma 

7 

34,948,317 

7 

728,779 

North Carolina 

8 

33,876,637 

8 

701,866 

Louisiana 

9 

24,221,407 

9 

493,467 

Tennessee 

10 

17,481,097 

10 

349,725 

Total, 10 States 

$672,896,102 


13,402,112 

Total, United States 

$681,230,956 


13,663,283 


1 Statistical Abstract of the United States, 1908 pp 142, 143 
> Census Bulletin No 100, Cotton Production m 1908, pp 7, 8, 
17 and 18 
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The ten laigest woolen manufacturing states in the United 
States are many himdred miles removed from the souices of 
raw materials ^ 


state 

Bank 

Value of 

Woolen Products 

Massachusetts 

1 

$109,612,679 

Pennsylvania 

2 

83,064,661 

Rhode Island 

3 

62,640,763 

New York 

4 

88,880,819 

Connecticut 

6 

18,899,937 

New Jersey 

6 

18,142,520 

Maine 

7 

17,972,569 

New Hampshire 

8 

14,284,480 

Vermont 

9 

4,698,406 

Ohio 

10 

8,686,628 

• Total, 10 States 


$361,773,161 

' Total, United States 


380,934,003 


Of the entire ten wool-giowing states, Ohio is the only 
one among the ten leading manufacturmg states The total 
value of the combined manufacturmg output of the other 
mne of the wool-growing states makes a sum of $8,672,428, 
of which amount Califoi-nia gave $828,289, Oregon, $1,142,- 
856, Michigan, $1,888,498, and Utah, $268,840 Ohio, with 
its comparatively small output in woolen manufactures, made 
over $14,000 worth of woolen manufactures more than the 
combined efforts of all the other great wool-growing states “ 
From a study of the above tables it is evident that the 
position of the source of raw materials have small influence in 
determining the location of woolen industries The presence 
of a good market is likewise not so important, as is evidenced 
by the fact that the middle west is the home of millions of 
people, and yet only one commonwealth finds a place in the 
list of the first ten manufactmmg communities 


1 Adapted from Table 46, Genma Biilletvn No 74, pp 130-187 
* Cemm Bulletin No 74, pp 180-137 



GENERAL THEORY OP INDUSTRIAL LOCATION IT 


In 1906 the ten leading cotton manufacturing states were 


State 1 

Hank 

Value of 
Product. 

Bales 

Coneumed ^ 

Spindles * 

Massachusetts 

1 

$129,171,449 

906,100 

8,411,249 

South Carolina 

2 

49,437,644 

666,467 

2,864,092 

North Carolina 

3 

47,254,064 

497,947 

1,880,960 

Georgia ' 

4 

35,174,248 

402,652 

1,316,673 

Rhode Island 

5 

30,628,843 

161,583 

2,049 B22 

New Hampshire 

6 

29,540,770 

260,928 

1,301,281 

Pennsylvania 

7 

24,136,813 

49,442 

266,097 

Connecticut 

8 

18,239,165 

88,921 

1,149,915 

Alabama 

9 

16,760,332 

198,820 

758,087 

Maine 

10 

15,405,823 

130,949 

891,246 

Total, 10 States 


$396,749,131 

3,262,809 

20,889,012 

Total, United States j 

442,451,218 

3,629,085 

28,165,613 


Comparing the tables showing the cotton-growmg and 
those listing the cotton-mauufactuimg states, theie does seem 
to be some connection between the law mateiial pioducing 
sections and those which manufactuie Is it a meie co- 
incidence? Why does Massachusetts pioduce moie than 
two and one-half times as much cotton goods as does its 
neaiest rival state, South Carolina? Evidently other factors 
than raw material must be consideiod in locating textile 
industries 

The woolen mdustries in the United States in 1906 pro- 


^ Census Bulletin No 74 p 61 

2 Ibid , Table 9, p 42 Pennsylvania owes its position to the im- 
portance of weaving Much yam is brought into the state New 
York consumed a larger number of bales of cotton than did either 
Connecticut or Pennsylvania Maryland, including Delaware con- 
sumed a greater number than did Pennsylvania, viz , New York, 
99 297 bales, and Maryland including Delaware used 65 429 bales 
Table 9 of Bulletin No 74 excludes Sea Island Cotton 

^Bulletin No 74 Table 16, p B1 New York and New Jersey 
exceed Pennsylvania in number of spindles New York, 704 643 , 
New Jersey, 436,764 
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duced goods to the value of $880,984,008,^ and New England 
made $218,108,783 woith, while New York, Pennsylvania, 
and New Jersey made goods to the value of $140,077,900 ^ 
Southern New England, New York, New Jersey, and Penn- 
sylvania made $868,000,000 worth of goods out of a total 
production of $881,000,000 — ^nearly 94 pei cent 

The silk industry shows a like development, as indicated 
by the following table 



The Textile Industries seek then location foi other leasona 
than law mateiial The population map (Pig 2) shows 
that the great textile states aie located in the densest popu- 
lation zone of this country A large population offers two 
great advantages to most industries, viz a profitable market 
and abundant labor The fibei mdustries aie peculiarly 
susceptible to labor conditions in that, to lun successfully, 
they must be neai a la^ge supply of cheap labor which pos- 
sesses sufficient tiaimng to attend the various kinds of 
machines hi large centers of population women and chil- 
dren can be employed to advantage in aU kmds of textile 

^CenauB Bulletin }fo 74, Table 1 p 97 
“Ibid , adapted from pp 130-137 
®Ibid,p 172 ‘Ibid.p 174 


'Ibid., p 188 
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plants They are quick to leain and have an innate dex- 
terity which enables them to handle the light fibeia rapidly 
and deftly 

Prior to the Civil War, the Southeineis weie an agiicul- 
tural people The ruling classes discouiaged the intiodiiction 
of industrial arts, save as they weie necessaiy to meet local 
demands Befoie 1880, there had been attempts to spin and 
wea’ve cotton, but in the yeai 1881 the Govemoi of Georgia 
appeared at the Atlanta Cotton Exposition dressed in a suit 
of cotton goods, the material of which had the same moinmg 
been gi owing on the plant stalks * This rather spectacular 
demonstiation called attention to the fact that the South 
could manufacture as well as grow cotton IVhen the people 
awakened to the fact that tliey could manufactme the goods, 
they discovered that the country possessed a hitherto im- 
rocognized class of people who woidcl make excellent labor eis 
Ml August Kohn in his woik, “The Cotton Mills of South 
Carolina,” gives a very vivid desciiption of the methods 
taken to secure laboieis for the mills of his state The 
mountain sections of South Carolina, North Carolina, 
Georgia, and Tennessee, have been for many yeais a fiuitful 
source of labor * So great were the advantages offered to 
these mountaineers over then old conditions that they came 
down into the cotton mills by the scores and hundreds On 
the other hand the labor was so profitable that many South- 
erners who started up mills made such large profits that 
Northern capital began to invade the Southern field The 
mills, as a consequence, were so greatly increased in number 
and size that labor has begun to become scarce and wages 
are rapidly rising The following tables are quoted from 
Mr Kohn’s report 

iQf Twelfth Census of the United States, Vol IX, Manufac- 
tures Part III, p 28 

® The Cotton Mills of South Carolina,” by Ausmst Kohn 
Issued by South Carolina Department of Agriculture Commerce 
and Immigration, E J Watson, Commisaioner, pp 28-26 
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TYPICAL MILL, 1902 ‘ 




PayEoH 
two we«ke 

Men 

Women 

Children 

Total 


Pick and Carding 

$1,269 46 

100 

11 

14 

126 

$116 

Spinning 

1,442 80 

45 

36 

77 

167 

1 06 

Dressing, Spooling 

533 26 

22 

40 


62 

102 

Weaving 

2,118 66, 

144 

42 


186 

1 30 

Cloth Room 

342 661 

21 

16 

10 

46 

0 83 

Machine Shop 

321 70, 

21 



21 

1 39 

Other Labor 

326 26 

36 



36 

0 91 

Total 

$6,864 65 

389 

143 

101 

633 

$1 13 


Market and labor are the two dominating factors which 
determine the location of textiles If, in addition, theie are 
other inducements ofEeied, such as pioximity torawmateiials 
or cheap iiowei, the industry which can take advantage of 
these added factois wiH be the one to move to the favoied 
section Cotton is the textile which has the added advan- 
tage, and hence its move southward while the others remain 
in their old locations wherein they have the advantages of 
good market and abundant labor supply 

An important factor in the early manufacturing develop- 


* ‘ Cotton Mills of South Carolina,” p 33 
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ment of New England was the piesence of aveiyconsidei ible 
amount of water power In 1905, Massachusetts alone con- 
sumed nearly 77,000 water hoise power in turning the wheels 
of her textile mills ^ 

“The preeminence of Minneapolis in the manufacture of 
flom and giist-miH products is due principally to the early 
utilization of the watei power furnished by the PaUs of St 
Anthony In New York the Chemical, Wood Pulp, and 
Power plants of Niagara Falls owe then existence solely to 
the presence of nature’s great maiwel located at that point 

The wood-pulp industry is a conspicuous example of one 
Ivheiein. powei plays an important part iii locatmg the estab- 
lishment The following table has been compiled from the 
Census Eepoit of 1906 * 



’Ibid , No 46, p 16 »Ibid , No 80, p 26 

‘ Adapted from Census Bulletin No 80, p 26 
‘ Census Bulletin No 88, p 18 

•Adapted from Census Bulletin Ifo 80, Table 19, pp 32-48 
? Ibid , includes steam, gas, gasoline, and electric power 
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Water power is usualljthe cheapest souice of eneigy that 
a plant of any kind may possess, and the above table leveals 
its importance as a primary factor in locating the paper 
plants It IS a significant fact that the great papei states in 
the above table which do not nse water power are in the 
vicmity of abimdant supplies of fuel In Oregon, wheie 
waterfalls yield more than 86 per cent of the power of the 
papei miUs, the output has, since 1900, incieased fiom 1, 154 
tons to its present total of 81,549 tons ‘ 

Seldom, indeed, does it happen that the existence of any 
one of the piimaiy factors determines an industrial location 
If, however, there is a combination of two or more of those 
influences, we have gioimd piepaied foi the development of 
industries, and the ones which wiU permanently flouiish in 
the favoied distiicts wiU he those which can count the great' 
est numhei of desirable piimaiy factors 


^Adapted from Census BuMehn No 80, Table 19, p 26 



CHAPTER m 

rHEORY OP PLANT LOCATION 

In every manufactui mg center, plants are erected and rmr 
by many different corporations A numbei of years may pass 
by, and at the end of that time some of the plants will be 
doubled in size, a few wiH letain then old dimensions, while 
still otheis wiU have passed out of existence Pittsburg, foi 
instance, is a great location for the iron and steel mdustiies, 
yet there have been many individual failmes in that district 
— failures not altogether due to incompetence 

The city of Philadelphia is an ideal textile center, yet in 
that place there are dozens of plants which have gone to the 
wall, and not through actual bad management A numbei of 
caipet mills located m certain sections of the district of 
Kensmgton have been actually forced out of their location 
because of the mcreasing value of the sites on which they 
stand 

In anothei section of Philadelphia is a conspicuous exam- 
ple of the working out of this tendency In 1836, M W 
Baldwin built his locomotive shop at the comer of Broad and 
Hamilton Streets, a situation then on the outskii-ts of Phila- 
delphia As years went by. Broad Street, in that vicinity, 
saw the location of a number of other plants, and it likewise 
saw the building up of a largo number of residences and 
other structures At the present time this district is in the 
center of the city, and property values aie enormous The 
works cannot expand withm this district save at a tremen- 
dous cost By the year 1900 the plant had completely out- 
grown its bounds withm the cential part of the city, and had 
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establielied part of the woiks along the Philadelphia and 
Heading Eaihoad in the vicinity of Twenty-eighth and 
Brown Stieets Theie again, however, expansion became too 
costly, so finally the company has puichased a tiact of land, 
184 acres in extent, at Eddyatone, Penn , a small town 
about twenty miles fiom the centei of Philadelphia In this 
new location the firm has erected extensive foundries, smith 
shops, and othei buddings, and in case it desiies to move 
then entile plant to this location, it has abundant giound 
for present needs and sufldcient space foi indefinite expan- 

Even if the question of expansion cost were not consid- 
eied, the tax late, rental charges, and other considerations 
are matteis of such considerable importance in a congested 
community that the piofits of any concern may be seriously 
affected in a cential location 

The position of a plant within the lange of industrial 
centeis has a piofound influence in determining the success 
or failure of the establishment 

From the physical side the success of a plant is dependent 
on two main features (1) its location, (2) its layout and 
equipment 

The location of a plant should be fixed in such a manner 
that the people interested in its success can sell the goods 
most profitably, buy supplies to best advantage, and manu- 
facture with the least expense To do all this, the most 
favorable location wiU be one that will include the greatest 
possible number of the following advantages 

I Selling 

Nearness to a large consuming market, or at least a situ- 
ation such that it can have a cheap and adequate outlet for 
the output 

II Buying 

Closeness to supplies, or a situation such that supplies can 
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be secured at a minimum expenditure foi tiansiioilation and 
at the same time be obtained whenever desiied 

TTT Mamifactui ing 

1 Proximity to a laige adaptive laboi jiopiilation 

2 Ready accessibility to lepan shops 

8 Nearness to good banking and tiedit facilitits 

4 Ability to build so as to suit special needs of indiistiy 

5 Ability to expand plant cheaiily 

G Low lent and tax lates 

7 Pieedom fiom lestiictive oidinaiices oi oneious legal 
01 other leqiiiiements 

8 Adequate fiie-fightmg facilities and low insurance 
rates 

I Selling, and II Buying Mcuncss oi Accessiiihtij 
to Marlet and Supplies — To be successful a concern must 
have its plant accessible to maiLet and law mateiials The 
location depends largely upon the nature of the goods manu- 
factured, and to some extent upon the size of the establish- 
ment A small firm should place its plant in such a position 
that it can be easily accessible to both market and supplies 
without the necessity of depending upon any single railroad 
seiwice Such a plant cannot command sufficient traffic to 
make it worth while for a road to give it special service, 
hence if it is m an isolated community, it must accept a 
poor or indifferent service with consequent loss of business 
If, however, the small plant locates in a community where 
there are many like itself, it wiU be in a position to secure 
bettei service because the roads will bo able to handle the 
traffic of many concerns fiom a central point, and they will 
arrange their tram schedules to accommodate the combined 
needs of a large number of manufactureis 

The map (Pig 8) shows a small portion of the city 
of Philadelphia, with the location of the dye houses which 
dye carpet yarns In addition are placed the caipet-weaving 
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plants which aie dependent upon the dye houses foi their 
law mateiialfi The laigeat of the works in the entire distiict 
would be unable to give sufficient traffic to either road to 



Fig 3 — Map of a Portion of the City of Philadelphia 


make late oi seivice competition woith while, yet all the 
plants combined do make considerable traffic foi both loads, 
and as a result the transportation service is good 

Weie the dye houses in a different location, they would 
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not have a maiket bo accessible, while if the carpet mills 
were differently situated, they would not only have to pay 
height chaiges foi the yam to the dye houses, hut likewise 
fiom the dye plants to then miUs With both located in 
such proximity theie is one height charge foi the raw ma- 
terial to the dye houses, a diayage expense from the dye 
works to the caipet mill, and then a final chaige foi the fin- 
ished product to the consuming market 

If a plant grows so that its supplies and products demand 
large facilities for handling, and its consuming public is 
national oi noild-wide, then the question of maiket is one of 
accessibility and not one of proximity 

To be accessible, a plant should be so located that it has 
cheap inlets and outlets foi its goods The cheapest possible 
kind of an outlet a xfiant may have is one that will enable it 
to have a choice of a niimbei of means of transportation If 
a plant can be so situated that it can have competition be- 
tween wateiways and lailioads, oi between iiilioads, it is 
advantageously placed At the present time roads do not 
give rebates, nor do they compete for freight by cutting price'o 
below the published schedules, as they once did, but never- 
theless, if a plant is placed so that it can secure competition 
from se\ eial lines, it wiU have concessions granted to it in 
the way of special commodity rates, of car supplies when 
needed, and will have its freight more promptly handled 
than if it IS dependent entirely upon one load This is trae 
for two leasons One is that it can have a choice of alter- 
native routes for shipment, so that in case one is filled with 
orders, the firm will be very apt to secure accommodations 
on the other Another reason is that if a road realizes that 
a freight consignment can be shipped over a rival’s lines, it 
wiU be more likely to make efforts to take care of the freight 
in Older to prevent the other transportation company from 
securing it Pigme 4 illustrates well the advantage that 
accrues to a firm if it is placed in a location whereby it has 
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a choice of watei and land shipment and competing lines of 
road The Union Railroad shown on the map enables the 
Carnegie plants to ship then goods over any one of the 
four roads touching Pittsburg, namely, the Pennsylvania 
lines, the Baltimore and Ohio, Pittsburg and Lake Eiie, 
and Bessemei and Lake Eiie In addition to that the 



Fig 4 


Monongahela River makes it possible to leceive goods with 
out using the railroad, and puts the plant at an advantage 
as compared with other plants which depend entirely upon 
one line for their leceipts and shipments 

The United States Steel Coipoiation has always appre 
ciated the benefits that can be reaped from adequate trans 
portation facilities Then new plant at Gary, Indiana, has 
a fiontage of ten miles on Lake Michigan, and is located on 
or immediately adjacent to five trunk lines of lailways, a 
significant indication of the fai-sighted sagacity of the mov- 
ing spirits in that great organization 

III Mandfactubing — 1 Proximity to Lm ge Adaphvt 
Labor Population — Every establishment of whatevei kind, to 
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have the elements of success, must have a supply of trained 
laborers at the call of the management for the puipose of 
running the machinery and handling the raw matenals 
thiough then vaiious stages 

It IS not only necessary foi a factoiy to be located in the 
midst of a large population, but it is likewise essential that 
the population be one that can be depended upon to woik 
efficiently and legiilaily The two qualities, efficiency and 
regulaiity, aie not always to be found in meiesize of popula- 
tion The most seiious objections to the negio in the South 
IS his unieliability as a woikei in a plant The wiitei knows 
of a numbei of non plants located in the midst of a veiy 
considerable negio population, uheie the laboi pioblem was 
one of grave concern In two ways the negio cannot be 
depended upon He will invaiiably take soveial days foi a 
recess after each pay day, thus ciippling the plant by his 
absence, and he cannot be made to attend to business while 
on duty If he works on the night turn he is likely to go to 
sleep at some ciitical time when alertness is necessary to 
preserve life and piopeity It is only by the most vigilant 
oversight that the negro can be Ivejitfiom ^getting intotiouble 
when he consents to be present at a plant In some sections 
it has been found advisable to import foreign laborers to the 
Southern mines and mills rather than to attempt to work 
with the local supply of labor 

The negioes aie not alone in their unreliability as work- 
ers In the miU districts of the Carolinas, one of the great- 
est difficulties with which the mill owner must contend, is 
absenteeism of the employees 


“ There are probably enough workers in the various mill com- 
munities to man all of the machinery but the great difficulty to 
day with the cotton mill labor is that it is not constant and will 
not work every day in the week, no matter what the inducements 
may be Every cotton mill in this state recognizes the fact that 
to have a full complement of labor m the mill each morning when 
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the whistle blows for the work to begin, it is practically necessary 
to carry a surplusage of from 20 to 26 per cent of ‘spare help ’ 

‘ In a cotton mill in upper Carolina that has forty seven weavers, 
who ought to make 664 days m a pay period the president to 
induce the maximum attendance of the weavers at their work, 
offered a premium for all who would report every day in the two 
weeks In June there were 70>^ days lost out of the 664 that 
should have been worked In August with the same premium 
system in force 161i days were lost by the same help This calcu 
lation does not account for the spare help that had to be used to 
fill in for the loss of time of the regular help ” ^ 


The gieat source of expense in a factory is its laboi bill 
If the plant is well supplied with oiders, the wages paid to 
the workers are a profitable investment If, however, theie 
IS a scarcity of orders, the first thing a plant should be able 
to do is to cut down its most burdensome items of expense 
The only time the laboier can be a profitable investment is 
when he is producing goods, so that it is absolutely essential 
for the prosperity of the plant, especially if it is an industry 
where there are fluctuations in ordeis and output, that the 
plant be so established that when bad times come, it can cut 
down its labor force to suit the limited requirements of such 
intervals, and yet be so placed that when good times leturn 
it can reemploy trained laborers 

Mere numbers of people do not necessarily make a suit- 
able labor enviionment, and what may be a good labor situa 
tion for one industry may be unfitted for another Certain 
classes of production can employ only men, while theie are 
others wherein women and children may be profitalily en 
gaged 

The Anthracite Coal region offeis employment to thou 
sands of men, but women cannot find work aroimd mines 
As a result, we find m mining sections a considerable popu- 
lation of available female labor The textile industries were 


1 ‘Cotton Mills of South Carolina ” by August Kohn pp 61-6S 
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not long in recognising the opportunity, and, as a lesiilt, we 
find located in the Schuylkill, Lehigh, and Susquehanna 
Valleys in Pennsylvania a numhei oi silk mills, stocking 
factoiies, and othei fabiic industries uhich make use of this 
otherwise imemployed population 

The leal question which the manufacturer should considei 
3B not “aie theie many people m a given commimity?” but 
“will that community have available a sufficient amoimt of 
labor to suit my peculiai needs?” 

2 Reaili! Acceh&ilility to Ile2oa%) Shops — If ordeis are 
plentiful, and a break occurs at any point in the system, a 
firm loses in shoi-tened output and prestige, if not by actually 
loiteiting posted guarantees So important is the question 
of adequate repair facilities in the non and steel business 
that the large plants have entiie sets of engines held in re 
seiwe to be ready for any unexpected bieakdowns A small 
plant cannot afford to have reserve engines or duplicate ap- 
paratus to be ready for eventualities, and, if it is so located 
rhat the repair shop or the supplies for the needed parts are 
inconveniently distant, it is liable to sustain seveie losses 
thiough a mishap Hence for a small plant, pioximity to 
repair facilities is a highly desirable asset If a plant is 
large, it need not consider the question of placing itself in 
the vicinity of repair houses, because it can better afford to 
have its own repair shops 

Large steel plants, textile establishments, and other con 
cerns invariably have then own repair equipment, and are 
constantly impiovmg the mechanical end of then plants In 
fact, if they are well organized and efficiently handled, the 
repair shops may do much more than merely act as repairing 
agents for the concern, and some plants have utilized then 
machine shops for the intioduction of improvements thiough 
the entire establishment The improvements, small as they 
are in individual items, amount in the aggregate to large 
savings for the firm, and the added expense that the repair 
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department lequnes for its upkeep la really a money-making 
investment foi the fiim, because it keeps the machines con- 
tinuously running at a high state of efficiency, giving a 
maximum output for a minimum expenditure of powei and 
labor 

3 Neaines'i to Good Banling and Oiedit Facihties — 
One of the moat important assets a company may possess is 
good credit, without which it can haidly ever hope to advance 
dining good times or even perpetuate its existence during 
Btimgent peuods A small concern is usually dependent 
upon neaiby banks foi its ciedit, and if it is inconveniently 
located, oi is distant from good hnancial backing, it is put- 
ting itself into the business woild uith a severe handicap 
If it IS well known and neai a numbei of good credit souices, 
it stands a much bettei chance of securing backing on a rea 
Bonable basis than if it is dependent upon one institution 
that has little or no competition 

A laige concern is diffeiently situated in the respect that 
its meie size gives it prestige in a widei financial ciicle, and 
enables it to get credit facilities in many ways and fiom 
many souices not open to small concerns It can, theicfore, 
practically ignoie in its location local credit possibilities 
In fact, a concern may get to be so large and important that 
it can dominate banks and financial institutions and largely 
create for itself a ciedit fortress, but those organizations are 
few Generally speaking, the smaller the plant, and the 
more local its market, the more unavoidable is its dependence 
upon local banks, and the more disci iminatmg the care 
which must be exercised in its choice of a site 

4, 6 Ability to Build So As to Suit Spcoial Feeds of 
the Industi y, and Ability to E%pand Plant Cheaply — An 
organization, to realize its full measure of success, should 
build the plant in such a maimer that the manufacturing 
process may be carried on with a minimum expenditure of 
time and material The ideal plant is one that is adapted to 
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its special type of manufacturing The ideal location is one 
that will permit such a plant to be built, and at the same 
time give it sufficient cleaiance space on all sides to peimit 
additions to be made without necessitating a reariangement 
of the machinery and equipment of the original plant in case 
glowing business demands an increase in facilities 

When a p)rofitable business is increasing, a manufacturer 
can be in no worse position than to be unable to fill ordeis 
If he does not fill them, rivals will soon appear in the field 
who V ill not only take his surplus business, but will become 
keen competitors foi trade hitherto his own Hence, if a 
plant IS to be extended, it should be possible to make the 
enlargement in such a manner that at no time will there be 
any diminution in the output of the old plant until the new 
one can be utilized 

It has been foimd that a single plant may be enlarged to 
a point where further extension does not tend toward econ- 
omy, and wheie it is cheaper to build a new factory or plant 
than it IS to keep on increasing the size of the old one 
When a plant reaches those dimensions, expansion room 
does not need to be provided, but until those proportions 
are attained, an organization should endeavor to make pro- 
visions for future giowth To provide for that future possi- 
bility, it IS necessaiy, for the prosperity of the concern, that 
it shall not burden itself at the beginning to provide for 
future prospects It should not tie up much capital in a big 
plot of gioimd or laige building in anticiiiation of future 
needs, because by so doing it is putting on iiimecessaiy 
burden in fixed charges upon a present business, that should 
have no heavy expense at aU With such a load, the man- 
agement cannot experiment to impiove the output, to cut 
costs in manufacturing, nor can it adopt a libeial policy to 
extend its market for the goods 

One of the surest plans a concern can follow, to prevent it 
from ever requiring expansion room, is to meur a heavy 
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espense m securing a location that will peimit fiitme 
growth In selecting a site, present demands should be 
amply satisfied They should never be siiboidmated to 
future hopes 

6, 7 Law Rent and Taxes, and Fieedom pom Restiic 
t%ve Oidinances oi Onerous Legal oi Othei Bequii ements — 
A selling organization must put itself in some conspicuous, 
easily accessible center, hence it would be false economy to 
accept a cheap location if it weie away from a much fie- 
quented situation Fiequented situations aie almost invaii- 
ably expensive Taxes and rents aie bound to be high, but 
the increased business that can be done in such a position 
will moie than compensate foi the heavy bin den involved in 
the location 

A manufactuiing establishment has quite diffeient condi- 
tions Quality and quantity of output aie the mam factors 
which contiibute to the success of a plant 

The manageis cannot affoid to stay out of the market, but 
it IS not necessary to put the plant in an expensive location 
to have the goods accessible to the consumei The pionioters 
should endeavor to locate m the best possible place that will 
allow of cheap manufacturing, and will give easy accessi- 
bility to the trade 

The selling department, as a matter of fact, need not be 
in the plant at all, and in a great number of the laigest con- 
cerns it IS located in the commercial centers, fai removed 
from the buildings which turn out the goods In adopting 
this scheme, one can combine the advantages of a good sell- 
ing location with economy in fixed charges for the pioducing 
part of the plant 

Not only should care be exercised in locating auay fioni 
high taxes and rents, but investigation should be made of 
the question of restrictive ordinances that may affect tho 
plant Manufacturing establishments are frequentlj annoyed 
and even seriously hampered by local ordinances which jire- 
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TOnt them from cairymg on then work in the manner most 
satisfactoiy to themselves 

The people have a perfect right to pass laws and legula- 
tions which will make life jileasant in any given comimmity 
The piopeity and welfaie of a laige niimher of people should 
not be sacrificed for any one gioiiji of citwens, yet, on the 
other hand, the manufactiiier cannot alfoid to sustain lestiic- 
tion in output oi umiecessaiy expense foi some objection, 
eithn fancied oi leal, of the smiounding ncighhoihood In 
selecting a site foi a new plant, thcrefoie, tiiie should he 
exeicised that the new factory shall not b( the cause of hos- 
tile legislation 

Some yeais ago a certain company entered into a contiact 
with the municipal authoiities of a laige city to dispose of 
tlic gaibage by an mcmeiating piocess The contiact was 
one satisfactory both to the municipality and to the officials 
of the concern Fortified by these consideiations, the coi- 
poration pui chased an abandoned white lead woiks and 
erected expensive aiipaiatus foi the puipost of leducmg then 
gaibage No objection was made to the new installation 
but it had not been m operation one week befoie theie was 
a veiitable huincani of vitupeiation heaped upon eier}mne 
connected with the plant and upon those who made the con- 
tiact Injimctioiis weie issued, witliin a month the company 
became involved in stores of law-suits, and finally had to 
vacate the premises 

8 Adequate Fii e-Fujhting Facilities and Low Insurance 
Rate') — A manufactiiiei in selecting his site should take 
into consideiation the fact that atiie can injure his building 
m one of two ways It may either originate w ithin the walls 
of Ins own structuie or invade it fioni the outside The 
internal and private fire-fighting facilities will be tieated 
latei Hue we shall note the fiie iisk with respect to loca- 
tion 

Many towns in this countiyhave poor tiie-fightmg tacili- 
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ties As a consequence manufactureis in those distncte pay 
insmance premiums disproportionate to the assessments, the 
structuie of then buildings, and the nature of their business 
would otherwise demand Insurance companies aie very 
critical of the fire-fighting facilities of a commimity In 
almost eveiy town theie is a fire-danger mne assessed at a 
higher rate than is the surrounding districts 

In taking into consideration the public fire-fighting facil- 
ities, the manufacturer does well to examine carefully the 
following features 

1 Water supply By whom it is owned, its oiganization 
Has the place high pressme mams ? Is theie ever danger of 
watei famines, and all other points ivhich may in any way 
affect its efficiency m fighting a large or small conflagiation 

2 Fire depaitment Its oiganization, including the pei- 
sonnel, from the chiefs down to the least important man of 
the department Is it a paid or volunteer company? The 
extent and nature of the equqiment of the fire stations, the 
number and location of the stations Have all the fiie plugs 
standaid couplings, and all other points which may affect 
the utility of the piotection at a ciitical time 

8 Fire alarm system Hero the investigation turns on 
the number of alarms in the community, their location, 
efficiency, design, and othei similar considerations 

4 Fire department auxiliaiies Undei this head aie con 
sicleied the efficiency of the police depaitment, aiiangement 
of the streets, the pioxmiity to other coniiiiunities which can 
give assistance, the possible value of such aid in time of 
need, is the distiict menaced with oveihead wires? Aie 
the building laws efficient and M’'ell executed? 

Some cities have gone to the trouble and expense of in 
stalling within their fire-dangei zones special water mains 
ivith equipment to keep the watei pressure at a high point 
throughout the system These mams are for fire use only 

In the year 1900, the insmance companies laised the fare 
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rates m Philadelphia 26 cents pei $100 on all iisks located 
in the congested distiict In 1904, a high piessure system, 
equivalent to twenty steam fiie engines, was finished and 
turned ovei to the city The stationary pumps at the watei 
front can deliver to the hydrants a water piessiiie of 800 
pounds to the square inch The jilant is run by gas, and 
the entire system can be put into full operation m seven 
minutes Only forty-five seconds are necessary for the pumps 
to develop 800 pounds pressure The plant is capable of 
supplying fifteen 1^-mch streams of water, which may be 
concentrated on any block within the protected district 
When the plant was tested and accepted, the Fiio Under- 
writers’ Association reduced the fire rates to the old basis > 
This 18 one of a number of examples which may be cited 
showing the importance of being m a good fiie-fightmg 
community 

If a person is manufacturing a class of goods not espe- 
cially inflammable, it is inadvisable tor him to erect his 
works near another plant whose commodities are noted for 
then inflammability Proximily to such a building forces 
the former nianiifactiirei to take especial precautions m erect- 
ing his plant It necessitates the use of fire walls and other 
expensive devices, besides compelling him always to carry a 
higher insurance rate, while notwithstanding all these pre- 
cautions his position IS still precarious 


1 Insurance Engineering, Vol XII ‘ High Pressure Fire Sys 
terns,” by F L Hand pp 626-641 
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THE IDEAL SITUATION 

The type of manufacturing that is carried on by an or- 
ganization deteimines to a very consideiable degree the most 
favoiable site foi its plant Theie may be thiee kinds of 
situations for plants, viz (1) coimtry, (2) city, (8) siib- 
uibs, and each one of the thiee offers pecnliai advantages 

1 CoxJNTEY — The economic advantages offered by a 
countiy location are few in numbei, but for some industries 
they are exceedingly important The country offers, as in- 
ducements to the manufacturer, cheap land, low lents and 
taxes, and fieedom fiom lestrictive ordinances These fav- 
orable considerations enable interested people to pmchase 
sufficient teiiitory to permit of the adaptation of a plant to 
the special requirements of the process, and at the same time 
allow them to provide for space enough to grow without 
making it necessary for them to tie up too much capital in 
unpioductive gromid 

The country, however, offers a number of objections as a 
location for mdustiies In the first place, it is hard to diaw 
to sparsely settled sections a sufficient body of skilled labor 
ers to make it possible to keep the plant continuously em" 
ployed A film of stove founders once conceived the idea of 
erecting a plant in a small town at a considerable distance 
from any large city They were exempted from taxes for a 
term of years and had many other favors granted to them, 
yet in spite of all the assistance they eventually had to 
abandon the plant on account of its inability to hold skilled 
labor in the district If the industry is one where skilled 
39 



40 THE PEINCIPLES OF INDUSTRIAL MANAGEMENT 


labor is noi an important factoi, it ig sometimes possible to 
lecrait woikeis fiom the smromidmg distiicts The cotton 
mamifactiiiers in the South soon exhausted the labor in the 
small towns ’wheiein they weie located, and leciuited their 
lanks from the ba( Iv countiy by means of adveitising through- 
out the district foi woikeis August Kohn m his hook gives 
a niimbei of illnstiations of the adveitising mattei that was 
used, and speaks at length of the tioubles the Southern man- 
iifnctiuer had m getting liboi i 

The countiy oftei 8 veiy little inducement to working peo 
pie to settle within the vicinity of a plant so situated, unless 
the phnt is of consideiable size 

Another objection that may be offered to a countiy loca- 
tion IS that it IS not neai supply houses oi market, and re 
pail shops aie apt to be unhandy No one can affoid to let 
a plant stand idle at any time, least of ill when supplied with 
oideis, so, if an accident happens to a iimning machine, the 
lenewal paits should be available to make immediate repaiis 
If a plant is m the countiy, it is likely to be away fiom 
supply houses, and must, theiefoie, cairy in stock a gieat 
many more duplicate parts of equipment than if it weie in a 
large city To carry duplicate parts, one must tie up money 
in unproductive material The pieces may be used sooner 
01 latei, 01 it may happen that new machines will come in 
which cannot use those parts, and the mateiial has nothing 
more than a sciap value 

A largo plant can ignoie the necessity of keeping in con- 
tact with supply houses and lepaii shops and similar advan 
tages, because its mere size will malce it possible foi it to 
keep a lepaii department and likewise mike it profitable for 
it to cany suflicient sujiplies to be independent of any out 
side concern The plants of large companies, like the United 
States Steel Corporation, always have then oum foundiies 


' ' The Cotton Mills of South Carolina,'' Article TV 
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and repair shops as a part of the plant The 6ai-y plant at 
Gaiy, Indiana, has, in connection with its steel plant, 
foundries, boilei shops, machine shops, caipentei shops, 
and pattern shops, so that it is piacticaUy independent of 
all outside aid 

So fai as the maiket is concerned, to the manutactiiiei of 
steel lails, struetiiial iron, oi any large and heavy material 
whose piodiicts go over the entiie coiintiy, nearness to a city 
18 of ininoi consideration, liecaiise their markets aie widely 
scatteied With such pi eduction, transportation facilities 
and switching piivileges aiethe essential needs rather than 
close pioximity to a city 

2 City — In a city, the cost of living is gieater than in 
the coimtiy, hut the city ofteis to woiking people a largei 
number of economic and social advantages than does the 
country Wages, as a rule, are highei, and there aie moie 
oppoitunities for advancement open to the ambitious person, 
because city evening schools and othei educational advantages 
present means of self-improvement that aie not as a rule 
offered to country dwellers 

Commercial houses in large cities afford attractive em- 
ployment to women and giils in the way of stenographic 
positions, clerical work, and bookkeeping, while the large 
department stores employ himdreds of girls as sales people 
When a working family is located in a large city, eveiy one 
in the family has a greater opportunity of securing employ- 
ment The family is not so dependent upon the eainmgs 
of the older male members as it is when located in the 
country 

Many industries peculiarly adapted to the employment of 
women and girls find that a city location is by fai the more 
desiiable Textiles, as a rule, flouiish better m a laige com 
munity, the reasons for this being that women and children 
are more readily piocuied foi employment The northeastern 
part of Philadelphia is a great textile center, very largely 
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because of the location there of laige nnmbeis of shipyaids, 
machine shops, foundries, steel woiks, saw woiks, leather 
curing, and othei plants which employ men almost exclu- 
sively 

Besides the fact that woiking people can get woik moie 
readily in the city, there is another consideration The city 
offers more entertainment than does the country The amuse- 
ment and social side of life is usually moie pleasant in 
the city than in the countiy Theie is more gaiety in the 
town 

Aside from the question of labor, the city location is 
better foi being near to a market This is an exceedingly 
important consideration for industries directlj dependent to 
a greater or less extent upon other plants, e g , box factories, 
yarn mills, etc Industries which are varied by styles oi 
tastes of people do better if located in town Small manu- 
factuieis can do better in a city because then selling expenses 
are lower They can leain of selling maikcts mou loadily, 
and can make quickei deliveries because of bettei express 
service 

A thud manifest advantage of a city location, especially 
for a small plant, is, as we have already seen, that it will be 
near to repair shops and supply houses 

In addition to being near supply houses and repair shops, 
a city enviioument usually contributes the advantage of local 
banking and credit-obtaining facilities These lattei items 
aie of great importance to small concerns A large plant, to 
carry on any of its important schemes, must be able to seeme 
financial backing from the great money centers , hence, so fai 
as credit is affected, location is not a iiiattei of mateiial con- 
cern Moreover, a large organization can, either diiectly or 
indirectly, establish local banks and thus create for itself a 
credit source of considerable iinpoitance To the smaller 
plant neither access to the large money centers nor ability to 
establish and dominate banks is possible It must depend 
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upon friendly outsiders wlio aie m a position to know its 
manageis and the success of the enteipnse If a small or- 
ganization IS near only one bank, it may have to consent to 
haid boirowing terms If it is near many, it will have a 
much better chance to get reasonable concessions which wiU 
help it along the road of continued prosperity 

The mam disadvantages of the city are high land cost, 
entailing large rents and taxes and a liability of bemg com- 
pelled to obey mimicipal ordinances which may lestiict the 
output of the concern oi increase its lunning expenses 

To summarize the entiie situation, if there were no other 
place than a city or the coimtiy to establish a plant, a gen- 
eral statement might be made that for a small plant a city 
location IS bettei, while for a laige concern a country site 
would be more advantageous 

8 Suburbs — The suburbs of large cities, however, offer 
a third situation The suburbs possess the advantage of 
being able to combine to a great extent the advantages of 
both the city and the country In the suburbs, land values 
are usually not so high that they imdiily burden the concern 
to provide for future growth, and restrictive ordinances are 
likewise usually less frequent than in the cities Labor is 
easily persuaded to come to the outskirts of large cities, be- 
cause, as a rule, rents aie lower and living is cheaper, while 
at the same time the tiolley-car, telephone, and other con- 
veniences have made it possible for the suburbanite to par 
take of the advantages of the city 

Suburban locations are likewise liable to be in the region 
of good railway facilities Large cities are apt to be the 
meeting-places of a number of railways, and many commu- 
nities have built belt lines connecting these various roads, 
making it possible for the suburban manufacturer to have 
the choice of several lines by which he can ship his goods 
Where belt lines axe not m existence, it is much easier for 
the suburban manufactmer to obtain private sidings to com- 
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peting lailways than it is in either city or remote conntiy 
locations 

The suburbs can piovide foi the othei consideiations — 
accessibility to repaii shops, supply houses, nearness to niai- 
kets, banks, and ciedit facilities — neaily, if not quite, as well 
as the city itself 

In addition to the advantages natiiially coincident with 
a location eithei in country, city, oi subiiibs, theie aie fre- 
quently othei inducements offeied by vaiious bodies to en- 
couiage the industiial development of the conuuimity Rail- 
loads aio veiy anxious to have factoiies locate along their 
lines The t\\ o bodies, the local community, and the lail- 
load company, woik in harmony, although each is woikmg 
for its particulai end, the fonnei to secure plants, the lattei 
to olitain tiaffic The laihoads have oiganued iiidustiial 
departments which they tall by various names The ofiicials 
in charge of these departments keep on file all aiailable in- 
foimation relating to the natural and artificial advantages of 
the towns and districts tapped by then lines 

The artificial advantages of a toira oi district aie those 
favors and concessions gianted by the residents of the place 
to any newcomers who may be induced to bung a factory oi 
some other kind of institution within its borders 

Few commimities fail to see the advantages of the pies- 
enee of manufacturing plants Much of the recent inciease 
in Southern prosperity has been due to the location of profit- 
able cotton mills 

The addition of such an industry as cotton manufacturing could 
not but increase the value of real estate in Spartanburg County 
very greatly for several reasons 

‘ 1 The cotton mills have been located in all parts of the county 
There have arisen small towns wherever the mills have been 
erected, and the property, which was formerly on the market as 
farming lands, is now sold on the basis of city lots which has ele- 
vated values very much The mills located in the vicinity of the 
larger towns have developed the outskirts of these towns , so that 
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the property has become very valuable, while before the coming 
of the mills the property was not rated as city property 

“2 The enormous increase in the annual income of the county of 
Spartanburg, caused by the coming of the mills, has caused a 
general prosperity and desirable property was soon purchased by 
those participating in the benefits With the general prosperity 
came the desire to own homes and real estate With ready pur 
chasers always m sight there was a constant demand for real 
estate and with the demand came the inciease in value 

3 The dividends annually paid out m Spartanburg go to swell 
the bank accounts of the people in the county and this money is 
soon reinvested Real estate is considered an excellent investment 
in Spartanburg and many of the dollais paid out by the mills go to 
purchase real estate There is always a demand for good real 
estate, and there is a large amount of property changing hands in 
this county each year ” * 

What IS tine of South Carolina and the cotton mills is 
likewise true of other paits of the country, and, as a result, 
communities scattered all over this land offer various induce- 
ments to factory managers These inducements may be 
classified under the following heads, viz (1) free land, 
(2) free building, (3) exemption from taxes, (4) subscrip- 
tions to stock, (6) cash bonus, (6) miscellaneous favors 

(1) F)e,B — The Boards of Trade of many towns 

have committees appointed whose work is to advertise the 
advantages of their particular localities These committees 
keep mfoimed of new projects proposed by various outside 
concerns, and they endeavor to secure the interest of the pro- 
moters by presenting to them the advantages of then town, 
and at the same time these Board of Trade workers endeavor 
to secure the active co-opeiation of the citizens by having 
them contribute money foi the purpose of imesting in factory 
sites which will be at the disposal of the Boaid of Trade, to 
give to companies that are looking foi a factory location 
Sometimes promoters can inteiest a group of citizens to col- 

1 Cotton Mills of South Carolina ” pp 18B, 186, quoting Mr J 
T Rhett Sec’y Spartanburg Chamber of Commerce 
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lect sufficient funds to puichaae a site for then entoipiise 
Of course the citizens who will be inteiested in seem mg a 
factoiy site and are willing to contribute, will be the ones 
most likely to form the memheiship of a local Boaid of 
Trade, but this is not always necessaiily tnic The differ- 
ence between the Board of Trade’s action and tlie citizens’ 
action is that the one is a systematic endeavor, while the 
other IS an occasional one In some cases the town itself 
may approjiriate money to seeme factory sites , and, in some 
other instances, a private citizen may give a piece of land 
for the same puipose It is fai more common, however, lor 
the land to be contributed by the Board of Trade oi the citi- 
zens acting as a body on some special occasion 

(2) Fi ee Building — Some years back it was not uncom- 
mon for the Boaids of Trade and other organizations to en- 
courage the location of factories by inoviding buildings 
This building might be given outright to the factory owners, 
but more usually the arrangements were as follows The 
townspeople weie mfoimed what type of building was de- 
sired, and they would erect the structure according to the 
specifications and then lease the building to the piomoteis of 
the enterpiise for a sum of money which might or might not 
be nominal It, at any rate, would be comparatively low 
At the teimination of the lease, the factory managers then 
had the option of buying the huildmg for a fixed sum pio- 
vided for in the contract, and usually they willingly paid 
this amount 

(8) F'temption from Taxes — ^Tax exemption is probably 
the most common form of concession given to prospective 
manufacturers The release from tax payments extends from 
one year to a decade, and in some cases even longer, although 
the lattei is not common This tax exemption as a rule 
means only municipal tax It does not relieve the concern 
from the payment of state oi county levies 

(4) Sulscnptions to Stock — Sometimes the citizens in 
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a community are not only anxious to have \arious kinds of 
factoiics looati iMthin then boideis, but aie willing and even 
deaue to invc&t in a piopost d scheme if the piomotoia wiU 
locate in then i icinity Fieqiient instances aie on recoid in 
which some enteipiismg mdnidual has enlisted the support 
of a coinmumty and put up a iilant with the money supplied 
eithci wholly oi in pait by the lesidents The residents may 
make vanoiis kinds of agieemcnts with the pioniotiis In 
some casi a the piomotci bi eoints merely the inanaging ( in- 
ployee of the concern, being reiiiuneiati d by itgulai salaiy, 
and in case the plant is a success, he is given, at the end of 
a certain time, a peicentage of the capital stock by \ote of 
the board of dnoctois At othei times the inhabitants sub- 
sciibe to the stock and become storkholdiis in the firm, but 
do not have sufficient control of the enteipiise to hive moie 
than one oi two lepiesentatives on the bond of directors 
(6), (6) C'fls/j Boii'ii't and Mttcellanenus Bavon — In 
some lare cases coininumties offei cash inducements An 
illustiation of such a concession is affordid in Uibana, 
Illinois When the Big Foui Raihoad Company di sued to 
build its cai and icpaii shops foi the Peona division, the 
towns along the line staited an active competition Uibana 
seemed the shops by offering a bonus of $40,000 

Other inducements granted are sometimes free gas, oi free 
powei for a limited penod of time One town put a fire- 
fighting system into a plant as one of its inducements The 
citufns of anothoi town aie now contemplating the bmlding 
of a belt line to connect competing irihoads, and aie offei- 
ing factoiy sites at a \ery modeiate cost along the pioposc d 
belt line Theie are nnnibeis of other inducements of a 
mmoi nature, all of which aie given to secine an industrial 
population 

These artificial inducements are not peculiai to any sec- 
tion of the countiy, nor to eithei countiy, suburbs oi citj, 
although it IS moie common foi the country oi small town 
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commiinitieg to make the offeis than for the large centois of 
population Vv hen a person is contemplating the building 
of a factoiy, it is well indeed foi him to secuie all the possi- 
ble concessions and inducements that a district will yield, 
but if thb natuial advantages aie not present, it is a poor 
plan to take advantage of some extiaoidinaiy offei The 
aitihcial inducement may give the oiganization a stait, but 
unless the nntuial fachns aie also present, it can do nothing 
moie, and the plant will then hare to struggle along under 
a severe handicap and must eventuilly fail The artificial 
factois should he considered only when they supplement 
natuial advantages, and should never be the determining 
consideration in making a factoiy location 



CHAPTER V 

BUSINESS CONCENTRATION AND INTEGRATION 

Within the past decade, there has been in the United 
States a lemaikable development of industrial activities 
The year 1898 maiks the opening of the era of widespread 
plant consolidations Between that time and June 80, 1900, 
of the 186 industrial consolidations which then contiolled 
2,040 active plants, no less than 112 had been consummated 
within those thirty months ^ In Moody's Manual foi the 
yeai 1908 theie die lecoided about 400 mdustiial oiganiza- 
tions which, if we include the bonded indebtedness, have a 
capitalization exceeding $5,000,000,000 The total invest- 
jiints represented in industiials in the United States is no 
less than $12,686,000,000 “ When we consider the enor- 
mous number of plants and establishments these investments 
must represent, and realize that stockholders aie ever clamor- 
ing for dividends, we can appreciate the fact that successful 
managers must be m great demand 

No one can reasonably hold a person responsible for the 
successful miming of an enteipiise unless the organization is 
in such a condition that the person in charge can have a fair 
chance to administer the aftaiis of the firm piofitably 

The capitalization of piosxiective earnings has been one 


^ Cf Twelfth United States Census Manufactures , Bulletin No 
122, December 30, 1901, Industrial Combinations pp 2 and 3 Also 
cf Twelfth Census, Vol VII Manufactures, Part I p Ixxvi 
The discrepancy is probably due to the discovery of some errors in 
the former volume 

“Statistical Abstract, 1909, p 192 
49 
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of tlip moai fiuitful caustq of mdustiial sliip-n leclca Entei 
piising piomotua ha^L endeavoitd to asauie tlip piospci 'ty 
of then piojects by concentiating into one oiganization all 
the laiger ii\ al inh lests, thus obtaining a piactical monopoly 
In some instances this Hihuno his tinned out snotr ssfully, 
in otheis, the siibsciibeia to tin piojerts have found the 
schemes to be meiely expensive mr thods of pm chasing iichlv 
engiaved paper 

A plant to be a pioht-making maestment should be abli 
to ninnufactuie goods at the least possible outlay, and dis- 
pose of them to an c\ei leidyniaiket It should not be hui- 
dened with n load of fixed chaiges in the way of a heavy 
bonded indclitcdiiess oi piefeicnce dividends, noithei should 
its oflicial salaiy list be unduly laige noi its aihiimistrative 
expenses excessive 

If a pioinotei itgaids a piojiosition meuly as a device to 
imeigle money fioin the confiding public, he will not conci in 
himself seiiously about the soiiudness of the coipoiation’s 
standing, piovided ho is aide to sell its secuiities, and is 
safe fiom ciiminal piosecution Soimd business policy^ dors 
not consist in gatheiing togethci a heteiogeneous lot of 
plants and factoiies to cieite a huge coiporation The size 
of the company should be a meie incident in the geneial 
scheme of instituting a piofit-makmg cieation Indeed, to 
nioiease the size without at the same time acquiiing compen- 
sating advantages w'eakens the company The bmclens of 
management are heavily mcieased unless the w idenmg scope 
of the plant’s activities means possibilities of obtaining 
cheapei law mateiials, of developing less expensiie means of 
production, oi of obtaining bettei and more secuie maikcts 

Financiers should cairy out the idea of hiismess integia- 
tion lathei than that of excessive concentiation Business 
integiation is the process whei eby the owneis of an enteipiise 
secure a moie or less complete control of all the steps of 
manufacturing and distiihuting a commodity fiom the law 
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mateiials to th( tinisliLcl jiiodact ^ Concentiilion, on thn 
othei hand, means tin as^ifnihling of liko j)lants foi tho 
puipose of eliminitmg selling competition ’ Consolidation 
means a combination ot both integration and conccntiition 
All laige eoipoiatioiis aie to some extent a combination ot 
both intcgiation and conccntiation, but isagencial pioposi- 
tion no combination can be sccuie m its position miloss some 
foiin of iiitegiation is dominant m its consolidating xnocess 

In our lecent development theie have been bi ought to 
piomineiit notice fi\(' cUifesca of consolidation, and each one 
has many sueccssful eonceins lejiicsented in its lanks These 
classes may be stated ns follous 

1 The complete integiation of the manufactuiing pio 
cess, 'ttheiein the piodnet is made iindu the diiection of one 
management fiom the seeuimg and piepaimg of the law 
material to the placing of tho finished goods on the maiket 

2 The integiation of conveyance and manufaetniing, 
and tho concentration of factoiies Heie the producer does 
not own the sources of lau niateiial, but contiols the cheap- 
est possible means by which law niatei nils can he conveyed 
fiom the Bomces of supply to the manufactuiing plants 
wheie he caiiies on tho manufactuiing piocess thiough eveiy 
possible phase to the making of finished pioducts fiom the 
law materials 

8 An integiation and concentiation of factoiies and dis- 
tributing houses In this case, the inanufactuiei does nut 
onn, neither does he contiol, the soiiices of supplies oi the 
trinspoitation facilities He builds oi acquires plants uhich 
are speeiallv adaiited to handling the inodiiels of laiious sec- 

'Cf The Integration of Industry in the United States " by 
William Franklin Willoughby, Quaiterly Journal of Eoonomes, 
November 1901 Vol 16 pp 94-116 

Of The Concentration of Industry m the United States ” by 
William Franklin Willoughby Yolo Remeu , May 1898 Vol 7 pp 
72-94 
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tions wheie the law commodities are made The piesence ol 
these laige plants in a community docs not necessarily imply 
that the oiganizationuill foice imfaii price concessions from 
the pioduceis of the law goods In fact, it may even laise 
puces, but in so doing it is assuicd that inal concerns must 
pay at least an equally high amount foi the same oi foi even 
an infenoi quality In addition to seeming the goods on 
this basis, the fiims fuither guaid themselves by developing 
gieat selling departments by which they leach the consimici 
directly, and always keep an outlet foi then manufactuied 
products 

4 Integiation wheiem the manufactuieis secure profits 
by utilizing all possible by-jiioducts which may be derived 
as the piiraaiy commodity is being made 

5 Integiation and concentration wherein the product is 
protected by patents and distinguishing tiademailcs, and a 
market is created for the goods by wide-sprcad ad\ eitising 
As the market expands, plants are erected at stiategic points 
to facilitate selling and loner distiibuti\e exxjenses 

The United States Steel Corporation is the classic exam- 
ple of the first of these combinations When it was organized 
in 1901 it included thirteen different organizations in part 
or whole, and since that time it has acquired no less than 
twenty laige corporations If we examine into the xiropeities 
that have been acquired by the steel coiporation, we shall 
note one feature that reflects the jirofound judgment of the 
moving spirits m that great organization In eaeiy case 
where an acquisition has been made, the xiioxiei-ties acquired 
have been ones which will contribute to the importance of 
the organization m one of seveial ways 

1 Give it better suxiplies of raw material ivhich will be 
used m the manufacture of iron and steel products 

2 Give it better transportation facilities and cheaper 
means of bringing the raw material to the furnaces andmiUs, 
and likewise of takmg the finished product away 







BUSINESS CONCENTRATION AND INTEGRATION 63 


8 Give !<■ an outlet for its own pioducts by making fin- 
ishing plants which wnl change its unfinished goods into 
commodities that can bo directly consumed 

4 Give it contiol of complete units which aie situated at 
strategic points with respect to maiket and law mateiials 
The map (Fig 5) shows the extent of the coipoiation’s 
pioperties and the types of plants and possessions it holds 
Even if we aie skeptical of the high values placed upon 
the following inventories, we camiot fail to be impiessed 
with the types of pioperties The industry is completely in- 
tegrated The following tables have been taken fiom Mim- 
sey^s Magazine and the “Eighth Annual Report of the Steel 
Coiporation ” The first one shows an mventoiy of the 
propel ties of the coriioiation The second one compaies the 
pioduction of the properties for the yeais 1908 and 1909 
In looking ovei the fiist table we aie struck by the meie 
physical bigness of the coiporation The second one gives 
us an insight into its multitudinous activities In the one 
we see the possession of all mateiial necessary to change 
crude material into any giade or kmd of finished material, 
fiom pig-iron into the most highly finished steel product 
The second table shows us what these plants pioduce It 
teUs us that the corporation is ready to market all kmds of 
materials 

AN INVENTORY OP THE PROPERTIES ^ 

Ore and Mining Timber Pioperties 

Unmined ores located in the Lake Su- 
perior districts on the Marquette, Meno- 
minee Gogebic Vermilion and Mesaba 
iron ranges, and in the Baraboo district 
Wisconsin in all an estimated tonnage of 
1 182 815 200 tons of all grades exclusive 
of the Great Northern ores, at sixty 
cents per ton $709,689,120 

' This inventory appeared in Munsey’s Magazine, June, 1908, 
and IS quoted by permission of Mr Frank A Munsey 
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Brought Foiwaid $709 689 120 

Mining plants impiovcments and devel- 
opment woilv at active mines including 
mine and stnpping equipmenl tiacks 
etc and cost of removing oveibuiden 
from 01 e not yet mined mine dwellings 
etc 23 432,886 

Timbei propel ty — 803 868 000 feet of 
standing mining and saw-log stock 
1,461 000 cords of logging pulp wood 
and cord wood 191 837 acres of land — 

all located on above named iron ranges 6 744 Oil— $788 866 017 


Coal and Coke Properties 

Unmined coking coal in the Connells- 
ville legion Pennsylvania— 60 003 acies 
owned (coal only not including surface) 

1 516 acres leased on royalty basis also 
71 100 acres of surface and (of which 
760 acres are iiver front) owned in con- 
nection with foiegoing 

Unmmcd coking coal in the Pocahontas 
region West Virginia— 66,497 acies land 
leased— valuation ip equity above royal- 
ties 

Unmined steam and gas coal in the Pitts- 
buig district in Pennsylvania in Ohio 
Indiana and Illinois— 30 262 acres owned 
(coal only not including surface), 3 548 
acres leased on royalty basis also 998 
acres of surface land owned m connec- 
tion with foregoing 

Coking plants, compiiaing 20,225 ovens 
in the Connellsville region and 2,161 
ovens in the Pocahontas region including 
mine openings, shafts, slopes tipples 
power-plants mine and ovei tracks and 
all machinery and equipment in connec- 
tion with the mining and coking of coal 
at the above plants also, complement 
of tenement houses for employees 

Coal mining and shipping plants at mines 
m the Connellsville and Pittsburg dis- 
tricts not constructed m connection with 
coking plants 


Carried Foi ward $138,446 440 $738,866 017 


93,666 200 

3 274 860 

8 898 828 

29 876,160 

2,741 412 
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Brought Forward $138 446 440 $738,866 017 

Miscellaneous including standard gauge 
railroad equipment (6 locomotives 700 
steel cars and 1 694 wooden cars), op 
erated in connection with the foregoing 
propel ties water-pumping stations pipe 
lines and reservoirs shops office build 
mgs stores telephone lines, live stock 

etc 4 393 339— 142,839 779 


Limestone and Natural Gas 

Unquarried limestone located at various 

places in Pennsylvania West Virginia 

Ohio Illinois, Wisconsin and Michigan 

at an estimated valuation of about three 

cents per ton including quarry equip 

ment 2 619,629 

Gas territory in Pennsylvania and West 

Virginia (leased) m all 208 986 acres on 

V hich there are 376 gas wells and 6 oil 

wells with about 600 miles of pipe lines, 

12 pumping stations telephone lines held 

equipment, etc 10 360 940— 12 980,469 


Transportation Pioperties 

Standaid gauge railroad lines including 

the Bessemer & Lake Erie 288 miles 

Chicago Lake Shore & Eastern, 282 

miles Duluth & Iron Range 229 miles 

Duluth Missabe & Northern, 274 miles 

Elgin Joliet & Eastern 280 miles and 

other lines 107 miles— in all, 1 366 miles 

of mam lines and branch lines, with 298 

miles of second tracks and 669 miles of 

sidings and yaid tracks but exclusive of 

docks and equipment 91 617 760 

Railroad equipment — 692 locomotives and 

37,902 cars of various classes 42 348,826 

Eight forwarding ore docks on Lake Su- 

peiior and two receiving ore docks on 

Lake Eiie including equipment 7,896,700 

Seventy-six ore and freight cairying 

steamers and twenty nine barges plying 

on the Great Lakes with a total carrying 

capacity of 636 260 tons of iron ore 21 440 700— 162 703,976 

$1,067,890,240 


Carried Forward 
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Brought Forward 

$1,067,890,240 

Manufacturing Ptoperties {Exclusive of 
Gary Indiana) 

Furnaces nulla and factoiies number 
ing m all 146 separate plants including 
the sites (a total area of 8 089 acres), 
and all equipment and appurtenances 
other than manufacturing supplies and 
product on hand 

382,248,897 

Gary, Indiana, Plant 


Actual expenditure to January 1, 1909 
for the real estate about 9 000 acres 
for construction work on the new steel 
plant, for development and construction 
work in the city of Gary and for connect 
ing railroad work 

24 063 888 

Sunday Real Estate 

Situated contiguous to manufacturing 
plants and improvements thereon (prin 
oipally dwellings for employees) also 
unimproved tiacts of land owned avail 
able for manufacturing sites and foi 
terminal railroad and dock facilities etc 
Value of leal estite exclusive of im 
provements thereon 

Improvements thereon 

$4,975 900 

1 719 073 — 6 694,973 

Tennessee Coal & Iron Company 
Including ore, coal manufacturing plants 
and general equipments of a complete 
and independent steel manufacturing con 
cern 

60 000 000 

Net Liquid Assets, Decembei SI, 1907 
Includes cash, and accounts receivable, 
inventories and investments in excess of 
current liabilities 

2bi 789 885 

Total 

$1 782 187,383 

The production of the several subsidiary properties for the year 
1909, compared with the results for the year 1908 was as follows ^ 

^ Quoted from page 17, Eighth Annual Report of the U S Steel 
Corporation 
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PRODUCTS 

]qo9 

1908 

Iron Ore Mined 

Marquette Range 

Menominee Range 

Gogebic Range 

Vermilion Range 

Mesaba Range 

Tennessee Coal, Iron & R P Co ’fa Mines 

Tons 

899 002 
1,369 415 

1 312 701 1 
1 066 474 
16 968 692 

1 824 863 i 

Tons 

830 087 
1 021 598 
1 078 026 
927 206 
11 272 397 
1 533 402 

Total 

23 431 047 i 

16 662 7^6 

Coke Manufactured 

Bee-Hive Ovens 

By Product Ovens 

11 896 211 

1 693 901 i 

7 591 062 
678 869 

Total 

13 690 112 i 

8 169 931 

Coal Mined not including that used making coke 
Limestone Quarried 

3 089 021 j 
3 496 071 

3 008 81P 
2 186 007 

Blast Furnace Production 

Pig Iron 

Spiegel 

I'erro-Manganese and Silicon 

11 436 670 
80,942 i 
100 838 - 

6,810 831 
74 716 
48 861 

Total 

11,618 360 

6 984 408 

Steel Ingot Production 

Bessemer Ingots 

Open Hearth Ingots 

6 846 300 

7 508 889 

4 065 276 
8 783 438 

Total 

13 365 189 

7 838 713 

Relied and Other Finished Steel Products for Sale 
Steel Rails 

Slooms Billets Slabs Sheet and Tin Plate Bars 
Plates 

Heavy Structural Shapes 

Merchant Steel Bars Hoops Bands Skelp etc 
Tubing and Pipe 

Rods 

Wire and Products of Wire 

Sheets — Black, Galvanized and Tin Plate 
Finished Structural Work 

Angle and Splice Bars and Other Rail Joints 
Spikes Bolts Nuts and Rivets 

Steel Car Wheels 

Sundry Steel and Iron Products 

1 719 486 
676 614 
729 790 
668 516 

1 290 970 
1,013 071 
139 149 

1 607 689 

1 024 986 
630 766 
190 226 
72 076 
68 366 
67 985 
70 971 

1 060 889 
561 106 
812 470 
318 733 
677 591 
664 428 
93 406 

1 276 786 
770 321 
403 832 
84 669 
40 262 
24 067 
7 223 
47 670 

Total 

9 859 660 

6 206 932 

dpelter 

Sulphate of Iron 

Universal Portland Cement 

27,863 
33 682 
Bbls 

6 786 000 

28,067 
26 411 
Bbls 

4 636, SOC 
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TliP United Rates Steel Coiixiialjon, A^ith its tiemeiidons 
po«sessious, istapiblt of contiolluig about 60 pm cent of the 
steel output of the countiy It its ii\als should evei bogin 
an aggiesaut onsliugbt on its maiketa, the company could 
easily defend itself b> meeting all cuts m puces Indeed, 
uith its gnat possessions ind ecpiipment, the United States 
Steel Coipoiation coidd caiiynaifaie into the enemy’s camp 
and reduce puces to a lumoiis figiiie foi all outsideis 

In spite of a niimbei of stiong temptations the company 
has pm sued a veiy commendable jnice policy Aftoi the 
1907 panic the Steel Tiustwas the last concern to attempt to 
secuie ordeis by cutting puces, and it finally lowei eel only 
as a measiue of self-defense against seciet iiductions of the 
mdependent iivals 

The company has sohed its maiket piohlem by socuung 
contiol of the lawmateiials and the tiansportation facilities, 
and liy iilacing complete xnoducing units m such positions 
that they aie accessible at manv consuming points 

The Standaid Oil Company is the best lepiesentatne of 
the second type of consolidation This oigamzation obtains 
its lau mateuals by leasing oil lands and seeming exclusive 
pm chase options on the output of oil fields It does not 
attempt to buy outiight great stietches of oil-producing 
teriitoiy, but lather seeks to maintain its position by devel- 
oping along two lines, \ iz 

1 It has obtained the best and cheapest means foi the 
handling and the transpoiiation of petioleiun fiom the fields 
to the lefineiies, and from lefineiies to the maiketa 

2 It has the most complete set of lefineiiea in existence, 
and has located them at stiatcgic points thmughont the 
coimtiy 

In the distubution of petioleum the >Standaid Oil Com- 
pany employs 8,000 miles of tiimk pipe lines, with 75,000 
miles of feedeia from wells , stoioge tanka for crude oil, hold- 
ing 82,000,000 haiiels, 10,000 tank cais in Anieuca and 
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2,000 abioad, 60 bulk steameis foi ocean tiaflic and 12 foi 
foieign coasting trade, with 160 steaniois and baiges at 
home, 8,000 tank stations in America and 6,000 elsenbcu ‘ 

The managers ot the concern havf developed i< fining 
appaiatua which makes feasible ewiy possible saving, and 
enables the prepr ration of all by-piodncts The pioccss of 
manufacture does not end with the mere making of thi oil 
The cans which aie destined to cany illumination into the 
peasant huts of lugged Italy, and the burels which will hold 
lubi leant for the shops of oiii own raid-continent aie all 
made in the refinenes 

The map (Fig 6) on the following page is compiled fiom 
the lepoit of the Commissionei of Corpoiations, entitled 
“The Transportation of Petroleum ” On it are shovn the 
location of the lefineries of the Standard Oil Company and 
its competitois, and likewise the oil fields, pipe lines, and 
the ten itoiy supplied by the lefineiies of the fetandaid Oil 
Company It is inteiesting to note the advantage that tho 
Standaid Oil Company takes of water tianspoitation uhei 
evei it IS possible The seaboaid teiiitory has its most im- 
portant points at Portland, Me , Boston, Piovidence, Neu 
London, Wilson Point, Conn , Richmond, Wilmington, 
Chaileston, Savannah, and Jacksonville, all reached by boat 
From these pioits the oil is distributed inland to the local 
tciiitoiies by lail 

The following exceipit is from the text of the report above 
cited ^ 

Advantages Dub to Geographical Distribution op Re- 
fineries —The great advantages which the Standard Oil Company 
enjoys over its competitors with respect to transportation are un 
doubtedly in part the direct outgrowth of the enormous scale on 
which it conducts business and of the favorable location of its re 
fineries They are m some degree at least natural advantages 


1 Cf Moody's Manual, 1909 p 2786 

2 “Transportation of Petroleum,” p 60 
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Disregarding the question of the origin of the power of the Stand 
ard Oil Company and considering only its present position the 
advantages which it possesses with respect to transportation are 
certainly in part independent of any present discriminations from 
railroad companies 

In the first place the fact that the Standard Oil Company has 
numerous refineries gives it a marked advantage over the compet 
itor who has only one Even were it not for the transportation 
of crude oil by trunk pipe lines to long distances, and if the refin 
eries were all in or near the oil fields by having several refineries 
the Standard Oil Company would still be neaier to many markets 
than its competitors Thus by operating refineries in the oil fields 
of Pennsylvania Ohio Texas Kansas Colorado and California it 
could supply each section of the country from the neaiest plant 
and could save much m the cost of transportation as compared 
with a refinei restricted to a single distributing point 

Advantages Due to Pipe Line Transportation —This ad- 
vantage of location is, however, very greatly increased by the use 
of trunk pipe lines to transport crude oil to refineries much nearer 
to great centers of consumption than the oil fields themselves 
The Standard operates enormous refireries at the sea-boaid These 
are much nearer to several great centers of population than the 
majority of competing refineries, and they also offer the advantage 
of water transportation to a large area Similarly, the Standard’s 
great refinery at Whiting is several hundred miles nearer to the 
markets of the West than most of the independent refineries 

The advantage of the location of the sea board refineries and 
of the Whiting refinery grows out of the fact that the cost of pipe 
line transportation to them from the oil fields is much less than 
the cost of rail transportation which the competitors have for the 
most part to pay in order to reach the same points ” 

This quotation has added significance, because it is taken 
from a document hostile to the Standaid Oil Company The 
repoit clearly shows that the founders of the oiganization 
saw two things the importance of developing the cheapest 
methods of transpoitation and the advantages of strategic 
locations It is those two factors which will account for 
its permanent success 

An excellent lUustiation of the third class of consolida- 
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tion ]s affoidrcl by the Ampucan Tobacco Company This 
concern, acco ding to tin icpoit of the Commissionei of Coi- 
poiations in 1909, consists of eighty-siv companies -which 
have an aggipgate capitalization of o\ei $450,000,000, in- 
cluding bonds This \ionkl be lecliiced to the net amount of 
$8U),000,000, of stocks and bonds in the hands of the pub- 
lic if lie iicip to eliminate duplication of inteicompany 
oil nci ship of secnnties ^ The Aineiican Tobacco Company 
began its monopolistic combination in 1890 ivith the union 
of the fi\e piincipal cigaiette niamifactuieis in the conntiy, 
in this ivay spcming contiol of 90 pei cent of the cigaiette 
business of the United States 

In 1891, it began the policy of extending its dominion 
ovei othri fields of the tobacco mduatiy By 1894, it staited 
a vigorous campaign to secuip the plug tobacco business, 
and by 1898 Iho coinpetitois of the Aineiiean Tobacco Com 
pany weie iv illing to be absoibed Aftei it had seemed con 
tiol of the cigaiettp and plug business, a poiveiful gioup of 
financiers, among u'hom Tvcie Thomas F Eyan, P A B 
Widener, and otheis bought up the Black-well’s Duiham To 
bacco Company, which uas an impoitant nianufactuioi of 
smoking toliacco, and the National Cigaiette Tobacco Com 
pany In addition to those companies, they had secured an 
option on the contiolling interest of the Liggett & Meyeis 
Tobacco Company, the contiol of uhich was exceedingly im- 
portant to th( Aineiican Tobacco Company The American 
Tobacco Company at once lealized the importance of the 
movement, and willingly made concessions by which this 
new combination was made a part of tlie old A further 
integiation and concentiatioii -was made in 1900 by the ac 
quisition of the Ameiican Snuff Comiiany, which iiicluded 
all the impoitant Ameiican and Continental companies doing 


1 ‘ Report of the Commissioner of Corporations on the Tobacco 
Industry ” Part I p 1 
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bitBiiiGsa in this coontiy Fiirthei absorption was brought 
about in 1904, when the foieign tobacco interests became a 
pait of the Ameiican Tobacco Company- 

In 1901, the tobacco combination took another step to 
waid integration by the organization of the Ameiican Cigai 
Company By 1906, it had about 16 per cent of the cigai 
output of the United States, but it has not been so suc- 
cessful m dominating the cigai business as it was in the 
cigarette, smoking tobacco, plug tobacco, and snuff busi 
nesses 

In 1898, the tobacco combination, to seciiie for itself a 
sine means of diatiibuting its goods, staited the policy of 
Bubsidi/ing jobbing houses and wholesalers By 1906, it 
owned stock in the following coipoiations engaged m jobbing 
cigars and tobaccos ^ 

M Blaskower Company, San Francisco, Cal 
R D Burnett Cigar Company, Birmingham, Ala 
Cliff Weil Cigai Company, Richmond, Va 
J & B Moos, Chicago, 111 
J & B Moos Company, Cincinnati, Ohio 
Le Compt, Dusel & Goodloe, Philadelphia, Pa 
J J Goodrum Tobacco Company, Atlanta, Ga 
Louisiana Tobacco Company, New Orleans, La 
Smokeis’ Paiadiso Company, Atlantic City, N J 
Jordan, Gibson & Baum, Memphis, Tenn 
Not only has the American Tobacco Company entrenched 
itself m the jobbing business, but it has even gone faithei 
by seeming the control of poweiful retail stoies In 1901, a 
concern by the name of the United Cigar Stores Company 
was incorporated in New Jersey In 1906, it had an out- 
standing capital of $1,960,000, of which the tobacco combi 
nation held aU the piefeired stock and bonds and $840,000 


1 * Report of the Commissioner of Corporations on the Tobacco 
Industry,” Part I p Sll 
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of common stock, leaving only $110,000 ot common stock 
outside of its contiol In addition to tlio United Cigai Stores 
Company of New Teisey, the Ameiican Tobacco Company 
was contiolling, thiough the United Cigai Stores Company, 
the follow mg siihsidiaiy coiporations * 

United Cigai Stoies Company (Incoi pointed) , of Illinois 
United Cigar Stoies Company (Incoiporated) , of Rhode 
Island 

United Cigai Stoies Company Agency 
The Royal Company 
Moebs Cigai Stoies Company 
William Baedei & Co 

United Merchants Realty and Improvement Company 
The total niiinbei of stores owmed and conti oiled by these 
companies, including the parent company, amounted, in 

1906, to 892 ^ In addition to this there were a number of 
piemiiim stations, depots, and the National Cigar Stands 
Company, which was closely affiliated with the Ameiican 
Tobacco Company by heavy loans made by the latter com 
pany The National Cigar Stands Company on March 2, 

1907, had 2,062 contiacts in foice with retail druggists 
throughout the country * 

This does not complete the retail connections contioUed 
by the Tobacco Combination Jobbing houses do a retail 
business in connection with then other affairs, and they aie 
very closely affiliated vnth the large corpoiations The most 
important of these concerns aie the Acker, Meiiall & Condit 
Company of New York City, which operates ten stores in 
New York and has branches in Asbiiiy Paik, Baltimore, 
Md , Par Rockaway, Flushing, Greenwich, Conn , and seven 
other stoies in the immediate vicinity of New Yoik Ciiy 


’ “Report of the Commissioner of Corporations on the Tobacco 
Industry,” Part I, p 312 

"Ibidip 318 *Ibid , p 310 
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Besides the Acker Company, the Tobacco Combination con 
tiols ‘ 

Cliff Weil Company (Incorporated), Richmond, Va 
J J Goodrum Tobacco Company, Atlanta, Ga 
R D Burnett Cigar Comiiany, Birmingham, Ala 
Le Compt, Duael & Goodloe, Philadelphia, Pa 
Further integration of the Tobacco Combination’s busi 
ness IS e\ ident in its owneiship of concerns which inaniifac 
tine tobacco accessoiies The following list of companies 
engaged in contributoiy entcrpiises, in addition to the above 
mentioned, is taken fiom the commissionei’s report 

MacAndiens & Poibes Company, Manufacturers of Lico- 
iice Paste They have almost a complete monopoly of this 
im2ioitant law mateiial for the tobacco business 
Mengel Box Comjiany 
Columbia Box Comjiany 
Tyler Box Company 
Golden Belt Manufacturing Company 
Conley Foil Company 
Johnston Tin Foil and Metal Company 
American Machine and Foundry Company 
New Jeisey Machine Company 
International Cigar Machinery Company 
Standard Tobacco Stemmer Company 
Gaison Vending Machine Company 
Kentucky Tobacco Pioduct Company 
Kentucky Tobacco Extract Company 
Manhattan Briar Pipe Company 
Baltimore Briar Pipe Company 
Amsteidam Sujriily Company 
Thomas Cusack Company, a bill-posting concern 
Floiodoia Tag Company ® 

1 “Report of the Commrssioner of Corporations on the Tobacco 
Industry ’’ pp 316 316 
“ Ibid , pp 16, 17 


' Ibid , p 24, bottom 



66 THE PRINCIPLES OP INDUSTRIAL MANAGEMENT 


In looking over tins list of factoiics and entei-piises wliicli 
the Tobacco Combination ovms and controls, one cannot help 
being impipssed with the siibstantml unity of its acquisi- 
tions Those factories which do not make some form of 
tobacco, mannfactme something which is exceedingly useful 
for the tobacco pioducer The tm-foil company make the 
u rapping foi the various kinds of pioducts The box com- 
pany’s entiie product is used in casing the output The 
vaiioua ingredients necessary for the production of the to- 
bacco are likewise tmder then contiol, as one can see fiom 
their ownership of the licoiice business When it comes to 
distribution, it oivns not only stoies, but adveitising con* 
cems The Ploiodoia Tag Company foimeily did an im- 
mense business in the distribution of piemiums When it 
does not actually make the pioduota it takes means to secuie 
the law mateiials at the lowest possible cost The Amstei- 
dam Supply Company was organized foi the sole purpose of 
acting as a pmchasing agent for the American Tobacco Com- 
pany 

The by-piodnct lype of mtegration must have two essen- 
tials before a firm can afford to spend money on equipment 
to woik up its subsidiary material 

1 It must have the assiuance that the maiket condi- 
tions wiU be such that the by-pioducts will always have a 
ready sale 

2 It must have a mam industry sufficiently large to 
provide enough mateiial to keep the by-pioduct plants con- 
tinually ninmng 

As a consequence those industries that have developed 
the by-product featuies aae almost invariably laige concerns, 
and they are usually very active in developing then business 
by vaiious schemes to keep their names before the public 
and oieate a demand for their goods 

The heef-packmg mdustries present the most widelj 
known example of the by-product type of integration 
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Merely to mention the by-products obtained in the course 
of slaughtering is a task in itself The aveiage live u eight 
of a beef is between 1,000 and 1,100 pounds, while the 
dressed weight ranges between 676 and 650 pounds ^ Within 
a recent period, only the bides and tallow of the 460 pounds 
of non-edible material were saved At present every ounce 
of this waste product is compelled to yield some tiibiite to 
the packer From the horns and hoofs are made vaiious 
glades of glues, buttons, and haii-pms, and they aie made 
the basis for the manufactiue of cyanide and chrome The 
albumin in the blood is used to make an insoluble piinteis’ 
mk It IS also used by tanners to finish leathei, and by sugar 
refiners to make possible the inviting whiteness of their 
product Dried blood, bones, tankage, and the ground waste 
of hoof and horn scraps make a fertilizei rich m nitrogen 
which, when combined with acid phosphate, becomes the 
souice by which otherwise mfeitile sod is made to bring 
forth the necessaries and luxuries of oui tables The wool 
from the packing-house sheep is made into fabrics to clothe 
us, but before it is given to the textile woiker, the oil is ex- 
tracted, making the non-shrinking basis of wool soap and 
also the essence of various soothing skin lotions and toilet 
preparations designed to beautify the users If we are sick, 
oui jaded appetite may be tempted to accept gelatine ex- 
tracted from the bones of calves, if convalescent, our system 
may be induced to increase in stiength by absorbing “Solu- 
ble Beef,” the predigested and concentrated substance of 
meat The intestines of the animals are the casings for sau- 
sage which IS made from meat otherwise misalable The 
gun we cairy on a hunting trip is hardened with bone car- 
bon, the handle of the knife which we use to dress oui game 
IS from the packing house If camp fare disagrees with oui 


1 " Report of the Commissioner of Corporations on the Beef In- 
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stomach, we can vary oui diet with beef extiact and alla_y 
the pains of indigestion with pepsin and panel mtm The 
baby starts out in life using a bone capped nuising bottle 
and teething iing If in latei yeais natuie jnovts niggaidly 
in hei gift of ban, the switch on the end of the beef’s tail 
will be offeied to supply the deficiency Collai buttons, pipe 
stems, and dice, bieweis’ isinglass, and blushes, soaii and 
glyceiine, waahmg powdei, and sand paper aie all pioduots 
sent foith fiom the vaiious departments of these gieat con- 
cerns So minutely has the by-pioduct featme been cairied 
out that the glands of 100,000 eheeji are caiefully pieseived 
and treated to pioduce one poimd of supiaienalin, a sub- 
stance whose astringent qualities have proven mvaluable in 
delicate suigical operations ^ 

The National Biscuit Company and the Singei Manufac- 
tuiing Company aie two good examples of the fifth type of 
iniegiation Both concerns have foitified every distinguish- 
mg featme and improvement about thei* aiticles by patents 
and tiademaiks Both concerns have been very caieful to 
guard the quality of then goods, and neither foigets that 
advertising is necessary foi publicity Each one has bmlt 
plants at various places to make easier the distribution of 
products to the consumers located in various distiicts 

The National Biscuit Comjiany has sixty manufacturing 
plants situated at various pomts in the United States * The 
Singer Company has plants not only in the United States, 
but also in Canada and Scotland ® It is a common practice 
for concerns to erect plants m foreign counti les when duties 
on then products are high, because in so doing they avoid 
the tariff charges, and are thus able to compete vith the 
foreign manufactiuers on more equal gioimds 

iCf “The Packers, the Private Car Lines and the People,” by 
J Ogden Armour, Chapter IX, p 201 

^Moody’s Manval, 1908, p 2397 

aibid. 1908 p 2517 
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In actual practice almost every large concern is success- 
ful, because it has utilized to a greatei oi less extent several 
of the above-mentioned methods of integration None of 
the companies in the above illustrations are successful ex- 
clusively because of their characteristic type of mtegration 
The United States Steel Corporation, for instance, derives a 
large part of its income from its extensive by-product manu- 
facturing, while the paclang houses are exceedingly caieful 
to cultivate every possible market They advertise their 
goods broadcast, and have their agents everywhere drum- 
ming up trade 

The question that the diiectois have to decide is, how far 
shall we push expenditures along any one Ime of consolida- 
tion? Will a thousand doUais spent in improving the 
methods of manufacture give as large a return as the same 
amount spent in advertising? Will lowering the cost in- 
crease our trade or profits so much as changing our selling 
methods or seeming control of law mateiials? 

In the last analysis, all of these consolidations seek to do 
one thing — to secure sufficient contiol of the market to assme 
the manufacturer a profitable outlet foi his goods Some 
types of industiies can seeme this control most leadily by 
obtaining the sources of im mateiials, some by cutting 
factory costs, and others can get it only by developing the 
selling department to a high degree of efficiency AH are 
struggling for the patronage of tlie public, and the stiongest 
appeal any one of them can make is to give the best value 
for the lowest price When one secures control of the raw 
materials, he can make the lowest price in any community 
simply by compelling his rivals to pay a higher amount for 
the crude products If, however, the supply of law materials 
IB such that all can purchase on an equal footmg, the firm 
which can manufacture with the least cost is in the strongest 
position to gam the market, provided aU other thmgs anj 
equal In many instances, the best methods of cariying on 
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an industry are so geneially known that tire iival interests 
have little or no advantage ovei each othei in that lespect 
In those cases, the viotoiy goes to either tlie one who hai, 
lowest distribution expenses and sells the cheapest, or to the 
one who by judicious advertising or other means socuies a 
reputation for giving superior quality foi standard prices 



CHAPTER VI 


BUSINESS SPECIALIZATION 

In Ujg last chaptei it was stated that consolidation could 
take place in the field of raw materials, manufacturing and 
selling To secnie control of law materials is a financial 
problem that requires a different solution in every individual 
case The manufactmmg and selling phases of any business 
must be handled after the plant has been located and con- 
structed In another chapter it wiU be shown that even the 
most economical construction of a plant is almost entirely 
dependent upon the peculiarities of the processes that go on 
under the roof of tire structure 

The university of a generation ago had few depaitments, 
as a rule, but those depaitments taught a great many 
blanches At that time a man could be Professor of Natural 
Philosophy, and within that domain he gave instiaiction in 
Geology, Chemistry, Physics, Physical Geography, Miner- 
alogy, Meteorology, and perhaps a half dozen other allied 
branches A piofessor of Political Economy would be likely 
to teach Economic History, Economic Theory, Public Fi- 
nance, Private Finance, Transportation, Sociology, and an 
almost indefinite number of the derived topics How differ- 
ent IS the universily of to-day Natural Philosophy has 
vanished from all curricula Even geology is broken up into 
Historical Geology, Paleontology, Inorganic Geology, and a 
half dozen other subdivisions He is a bold man who pre- 
tends to know more than one or two of those subdivisions 
with any great degree of completeness The science of Politi- 
cal Economy h'ss been broken up mto Economics and Sociol- 
71 
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ogy, and in tliose two oideis of social science we find special- 
ists who do not care to teach more tlian one small hianch of 
their general division At the piesent time we have piofes- 
Bors of Tiansportation, of Insiiiance, of Faim Economics, 
Accountancy, Industry, Oommeice, Finance, and a host of 
others In the past we had the tendency to hit only the high 
places in oni sciences We were hioad but not deep Oiii 
institutions of learning have earned out the idea of speciali- 
zation in education to exceedingly fine limits, and it has 
resulted in incalculable good to the cause of knowledge 

■Willie the specialization has been going on in tire higher 
institutions another movement has been taking place The 
universities are getting into closei and moie sympathetic 
relations with the high schools, and even with the giade 
schools, imtil, at the piesent time, in some states the entiie 
school system is gradually getting welded into one big unit 
which has for its object the most perfect training that is 
possible to give each child in a community 

Twenfy years ago, in the majorify of industries, the 
plants weie about as general m the scope of then work as 
were educational institutions The history of a number of 
large concerns that have been in existence for over thiity 
years might be cited to show the great changes that have 
taken place m the character of their activities Formerly, 
machine shops did every grade of work on the floors oi a 
single building One shop in an eastern city built printing 
presses, blowing engines, water turbines, marine engines, 
mill engines, mining machineiy, pumps, in fact, everything 
conceivable m the machinery line foi which they could ob- 
tain an 01 del 

Textile establishments in days gone oy manufactuied a 
great variety of fahiics One concern made ingiain carpets, 
Brussels caipets, velvets, suitmg material, and many othei 
types of fabrics Knitting miUs commonly made aH kinds 
of stockings, underwear, and other knitted goods Paper 
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milla of the past tinned out all grades of pulp materials, 
from the coarsest straw board to the finest writing and draw- 
ing papers Shoe factories never thought of restricting them- 
selves to any particular grade or kind of footwear 

At the present time such diversity of activities would be 
undreamed of for any one plant Machine shops now confine 
their energies to the building of one oi two classes of ma- 
chinery If a company is engaged in seveial lines of activ- 
ity, it has a special shop or department for building each 
commodity One concern builds nothing but cranes, anotliei 
only milling machines, some plants construct planers and 
shapers, others locomotives In the field of electiical equip- 
ment, plants may limit themselves to special sizes of certain 
goods One concern now doing a profitable business confines 
itself to the building of motors of a few small sizes, and will 
not accept oideis for larger ones 

In textiles, no thoroughly tiained manager would iisk 
funds in attempting to manufacture a great variety of goods 
midei one roof There are mills which confine then energies 
to the making of ingiain caipets, otheis make only rugs 
One firm has invested over $1,000,000 in equipping an im- 
mense building whose only output is lace curtains The 
knitting mill has been succeeded by the stocking and under- 
wear factories Some plants have even gone so far as to make 
a specialty of eithei men’s, women’s, or children’s hosiery, 
and a few concerns have gone to the extreme limit of special- 
ization by malcmg only one or two grades of men’s socks 
Shoe manufacturing is known eveiywhere as a special- 
ized business At jiresent, the greatest factories make either 
men’s or women’s and children’s shoes, and not a very great 
number of grades at that Several concerns confine their 
energies to the production of one or two qualities of foot- 
wear, and endeavor to secure an immense market for tJieii 
output by giving the consumer the choice Of a great number 
of different styles By specializing their outputs, factories 
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can give such excellent quality and style foi so low a piici 
that once established, iiirals will find it difficult to bieak into 
then domains 

Like tendencies are evidenced in the papei business No 
longer do single plants manutaciure a gieat vaiiety of pulp 
material Mills are now very apt to specialize on newspaper, 
bond papei, wrapping stock, oi some paiticiilai kind of filiei 
goods 

In an almost indefinite number of industries the same 
change has taken place The tendency is not confined to 
any selected gioup of activity It is the expiession of an 
ideal which is infiuencing oui modem civilization If v e 
are to exist, we must conserve our foices We set aside gieat 
tracts of land for foiest reserves, the government is appoint- 
ing commissions to draw up plans to husband out coal, vast 
sums of money are being spent to make the haiieu deseits 
fmitful fields The states and tlie United States support 
great agiicultmal colleges and nnmeious expeiimental sta- 
tions foi the purpose of finding out for the farmer hov he 
can save his land for future generations and j et get fioni it 
the maximum yield 

In manufacturing, the enfreprenmi has long seen that his 
rewaids depend upon methods of effectively handlmg raw 
materials and laboi, and he has hit upon specialization to 
attain economy in manufacture Specialization aids in a 
number of ways 

1 It reduces the preliminaiy costs incuried m all manii- 
factming 

2 It makes possible the exmnsive use of highly special 
ized machineiy, buildings, and otlier equipment 

8 It simplifies managerial problems 

4 It makes worth while the introduction of numerous 
small savings 

Specialization is one of the greatest possible aids to in- 
dustrial economy How this Is accomplished, is well illns 
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trated in the building of a steam engine In oider to build a 
steam engine of seveial hundred horsepower in an unspecial- 
ized plant, the hiiildeis must proceed as follows 

The piospective pmchasers of the engine advertise for 
bids on engines of the capacity desired, and they give the 
necessaiy data as to the woik that the engine is expected to 
do The concern desiring to secure the contract makes out 
drawings and sketches showing the type of engine they oSer 
and the way it will look when completed On these sketches 
the advantageous features of then engines aie shown, and 
these sketches are frequently painted in watei colors They 
always lepresent considerable work on the part of the diaft- 
ing department 

If the firm secures the contract, the chief engineer makes 
out the general specifications, such as the sizes of the cylin- 
deis, the length of stroke, steam pressure, type of valve gear- 
ing, and other mam requirements 

The cliief diaftsman then takes the ]ob m hand and allots 
the working out of the i ai loiis details to imdei-draftsmen 
These luidei-dinftsmen calculate the amount of material that 
must go into the engine, figure out the sizes of the various 
parts, and show clearly the piojiei allowances to obtain the 
proper valve movements They must see tliat all movmg 
joints aie propeily provided with lubricating devices, so that 
there will be no binding at any point, yet the movements 
must not be so free that leakage of steam can occur in any 
lilace The throttle-valves and other parts likely to be fre- 
quently used must be put in accessible places Provision for 
taking indicator cards must be made, so that it will not be 
dangerous for one to make tests of the engine while it is nin- 
niiig Proper clearance must be provided for aU movmg 
parts The oihng system should be such that lubrication 
can take place without undue waste of od, and without 
involving danger to the attendant Not only must aU of 
those parts be looked after for the engine, so that it can run 



ye THE PRINCIPLES OP INDUSTRIAL MANAGEMENT 


successfully, but care must also be taken to see that its paiis 
are constracted in suck a mannei that the engine can be put 
togetlier The wiitei lemembeis an instance where seveial 
bolts weie so placed that it -was impossible to get a wiench 
on the nuts As a consequence, the bolts weie useless, but 
it foitunately happened that if left handed thieads weie cut 
on the bolts the nuts could be tightened, and it was not 
necessary to redesign the whole part aftei the castings had 
reached the machine shoji 

Wlien the drawings of all the details are made and a gen- 
eral drawing showing the placing of all the different elements 
is completed, tracings must be made of everything These 
tracings aie inked in with gieat care, the different parts 
shaded and the dimensions of eveiy piece indicated After 
the tracings aie all completed, every part must be carefully 
gone over and checked by some responsible person This 
person is much like a pioofreadoi He looks out for every 
kind of a mistake that can occiu, or is likely to happen, in 
the construction of the engme, and if he finds any inaccu- 
racy, he must report it and see that it is corrected before tire 
plans leave the diawmg-ioom 

After the tracing is checked and everything is seen to be 
correct, tire tiacmgs are turned over to the blue-printer, and 
a number of blue pimt copies of every drawing in the engine 
are made The blue punts are then turned over to the con- 
struction departments 

The first step in buildmg the engme begins in the pattern 
shop The pattern shop is the place where the vanous shapes 
of the proposed castings are made m wood wUicli will seiwe 
the moldeia as the basis for the construction of the molds 
The drawings in the pattern shop are first carefully gone ovei 
by the foreman who determmes which parts are to be made by 
the various workmen The workmen are then given the draw 
mgs and are expected to read them and make from them the 
correct form in wood To do this is no simple matter A 
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good paldem-maker possesses a very liigli degree of intelli- 
gence The drawings, in the first place, are often very com- 
plicated, and it requiies considerable imagination to see in 
those conventional lines the picture of a fonn The work- 
men’s ingenuity is furthei tested by the fact that he must 
always remember that the wooden pattern must be lepio- 
duced in metal The metal that is pouied into the molds 
made by the patterns is m a molten condition The pattern- 
maker must take into consideiation that his pattern must be 
so built that after the sand is rammed tightly around it, it 
can be withdrawn without spoilmg tire mold He must not 
forget to make the pattern large enough to give the casting 
sufficient material to permit of cutting and tiimming in the 
machine shop In the cooling there is considerable shiink- 
age of metal, and unless great care is exercised in making 
the patterns, cracks wiU develop in the castings In the 
foundry, tlie molds must be built to suit the patterns in ques- 
tion Some of the mmoi molds may be made in casting ma- 
chines, but it IS hardly worth while to get machinery of that, 
kind unless a great number of pieces are made 

After the castings have been made, they are cleaned and 
passed on to the machine shop Tlie mncb i ne shop foreman 
wiU have in his office the complete set of punts of the engine 
He will have the task of determining the order in which the 
various parts shall be fimshed He wiU ascertain the ma- 
chmes best fitted to carry on the various machining piocessea 
on the different castings In these machmmg steps, consid- 
erable time IS lost in gettmg the pieces set up on the tools 
which are to make the engme parts ready foi assembling 
Every time each piece passes to a different tool or to a differ- 
ent step m the process, the various workmen m charge of the 
steps must decide upon the best way to handle the piece, the 
proper cuts to make on it, and, in general, its method of 
treatment 

Several vears ago there were shops where fully 80 per cent 
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of the time consumed in niaclimmg and assemblmg the 
paits i\aa used up in pieliminaiy opeiations It is tiuo that 
some of this time was Avasted, but nevertheless, the gieatei 
part of the loss was due to the fact that the hims weie Avoik- 
ing on new contracts moat of the tune, and could use lictle of 
the former woik and material 

Imagine the same engine going thiough an estahlislmient 
Avhich has been specially constructed tor the purpose of build- 
ing engines of that class and hoisejiowei In the fii st place, 
the engineeiing and drawing expenses aie leduced to an 
almost insignificant item foi each oidei, because one set of 
drawings with a few alterations does for a number of engines 
The pattern cost for each becomes an almost negligible item 
for the same reason In the foundry it is worth while to 
construct special molding devices, which make the molding 
cost foi each engine much smaller than it possibly can be 
when only one oi two engines are constmoted In the nia 
chine shop, the foreman can work out a general scheme foi 
the machining of the piarts, and they pass from one tool to 
another without the necessity of any special diiection Moi p- 
over, tools can be adapted to the special purpose of handling 
the engine parts In the locomotive business, boring miUs 
are built for tlie one purpose of handling locomotive driving 
wheels Special planeis aie designed to use in making the 
frames of the locomotives In fact, every part of the engine 
IS made on a specially designed machine Jigs and other 
auxiliary devices are built which reduce the work of fimsh- 
ing the parts to a mere mechanical routme, and to a very 
great extent eliminate the possibility of eiror 

In electing the engines, economies can be mtroduced by 
trauung men to do certain parts and keepmg them at a few 
tasks 

When thmgs are done on a large scale, specialized plants 
can be erected for the sole purpose of making one product 
Every little feature m the process can be studied minutely, 
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and economies whicli would be insignificant on one oi two 
become very valuable savings on one bundled or more 

One of tbe greatest money-saving devices known tc the 
modem managei is tbe inteicbangeable part Tbe intei 
cbangeable part is tbe device tbat makes possible the spc 
cialized plant, and tbe savings tbat have been noted above 
With it, management becomes a question not of deteimming 
the best method of handling each new conti ict, but the best 
method of doing each little debiil The mtioduction of the 
inteicbangeable part has made it possible foi Ameiican man 
ufacturers to sell locomotives in Europe and fai off Cbm i 
It IS the reason why thousands of people within oiii own 
bordeis cany the dollar watch 

Specialization has, ne\erthcless, its limitations A man- 
ufactarer will do well to investigate cnefuUy the extent to 
which he confines his energies to the turning out of a singli 
article One can invest a laige amoiuit of capital in a plant 
which wiU leduce the output coat many pei cent, but if ilu 
plant is specialized to such a degree that it can inaniifactnm 
only one product, the investor may lose every cent he puts into 
the concern by the introduction of a now commodity that 
may caxiture his market Thousands of dollars iieie lost by 
bicycle manufacturers when the bicycle ciaze died down 
A good lule to follow in plant specialization is to special 
ize to tire limit in plants which manufacture necessaries, oi 
partly finished products whose demand is not affected byanj 
great improvements, things like flour, sugar, steel rails, steel 
plates, and articles of a similar nature In goods liable to 
be improved and changed, the specialization of the equi|)mpnt 
may be carried with safety to the point where an improve 
ment or change m the product will not render useless the 
appliances of the establishment One may, for examx)le, 
safely specialize a loom to the point where itwiU make goods 
of a certain width and quality, but it would not be safe for 
the managers to install equipment which could turn out only 
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cloth of a single pattern or coloring It would even be safer 
foi the loom to have some lange of variation in width and 
quality 

If a pioduct is of an ephemeral natiue, specialization 
should not be earned past the point wheie the old machinery 
can be adapted to the manufacture of new things Toy fac- 
tories are never safe in investing large sums of money in 
machinery so specialized that it can turn out only one kind 
of toy 

In a Avoid, theie is a lunit to specialization, and the 
nature of the goods should determme the danger point for 
the mauufacturex. 



PART TWO 

THE EQUIPMENT OF THE PLANT 




CHAPTER Vn 

CONTINUOUS INDUSTRIES SYNTHETICAL 

the questions of location, integiation, and special- 
ization have been settled foi any paiticulai business, theie 
aiise the moie technical pioblems affecting the successful 
activity of the concern How shall wo build tlie plant so 
that it will make integration and specialization possible? 
C in the plant be iim m any kind of a building? The answer 
IS emphatically, No Even if a business has been placed 
in its most suitable environment, it cannot cany out the 
plans of integi ation and specialization unless it is proiieily 
housed Neitliei can good management be possible un- 
less the building is pioperly adapted to the work and the 
workeis 

Eveiy one has noticed that plants foi diffeient mdustiies 
vaiy gieatly in their stiuctuies and layouts Every mdiistiy 
can be carried on best in a stiuctuie adapted to its peculiari- 
ties , and viewing industries in a broad way, it will be seen 
that there are two factors that play exceedingly important 
parts in determining the nature of tlie stmctuie which wiU 
house the plant, viz 

1 The type of manufacturing industry 

2 The nature of the goods handled 

Prom the standpoint of the mdustiy one may have two 
kinds ot manufactuimg 

1 Contmuous 

2 Assemblmg 

A contmuous industry is one in which the product is all 
received at one place and the operations to change the raw 
83 
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material into finished goods are performed in a contmuons 
mannei on the entire mass of mateiial The raw materials 
go into one end of the plant and pass thiough various ma- 
chines and processes without halting at any stage foi other 
fimshed parts to he hiought to them When such articles 
thus manufactured aie finished, they are completed as a 
whole, and not in sections that must he put together 

There are two classes of contmuous mdustries 

(a) The synthetical 

(b) The analytical 

In chemistry the woid synthesis is used to designate the 
process of making substances by bringing together various 
ingiedients In oui food and clothes we consume things 
which have gone thiough synthetical piocesses A bowl of 
soup and a piece of biead aie lesults of synthesis, as aie also 
stockings and steel lails 

A subdivision of the synthetical class of industiies may 
indicate whether the industiy produces incidental by-pioduots 
or not A veiy important influence is exercised on the lay- 
out of plants if it must handle by-pioducts in the course of 
its manufacturing The non-by-pioducb industries are an 
exceedingly important group in the United States In 1905, 
the textiles alone contributed nearly $2,150,000,000 to the 
wealth of the country In addition, the tobacco, day, paper, 
and printing and other industiies, all non-by-product in 
type, added another $2,000,000,000 to this sum In brief, 
more than one-quarter of om consumable wealth was made 
up of products coming from factoiies of this nature ^ 

Since tlie textile industiies aie the moat important class 
of this non-by-pioduct group, then plants are instructive 
Into such plants aie brought raw materials that are worked 
upon during the entire time of manufactuiing 


iQf Ceweus BuUetm, No 57, Census of Manufactures, 1906, 
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Any single textile industry may be regarded as a umt 
industry in the sense that the entire plant is devoted to the 
production of one thing only — ^the working up of certain 
fibers This does not mean, however, that there is no wast- 
ing of the raw materials as they go through the various man- 
ufacturing steps In every textile plant the cleaning and 
handling of the material causes some loss in every machine 
In cotton manufacturing, the subject of the utilization of 
cotton-miU waste is becoming one of mcreasing importance ^ 

Figure 7 shows the steps through which cotton passes 
to be made mto its different finished products While the 
material is passing through the various machines, waste 
occurs in dropping from the opener and scutch machines, 
the bmsh-stiips from the cylinders and doffer cards, the 
caid-room sweepings, and comber waste, the bobbin waste, 
from fly frames and spinning machines, the hard ends 
from cop bobbins , and there is also the oily waste The 
quantity wasted vanes with the conditions and the character 
of the raw cotton, the effectiveness of the machinery, the 
ability of the operator, and the character of the products 
manufactured The aggregate average of this loss amounts 
to about 8 per cent of the raw cotton worked It has been 
estimated that for the entire United States the mill waste 
would total to the figmes of 176,000,000 pounds, about 
87,600 short tons “ 

These figures are impressive To rework all this waste in 
the United States would keep 1,000,000 spindles employed 
62 weeks in a year ® Great as it is in the aggregate, how- 
ever, few mills find it profitable to rework their waste ma- 
terial, the reason being that the waste of each machine is 
different, and requires unlike treatment, if not different ma- 
chinery, to make it a salable product Waste spinning is an 


^ Census Bulletin, No 97, p 36 
’ Ibid ® Ibid 
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mdustiy bj itself, and lequiies as mucli slull in all of its 
blanches as does the nidnufactuiing of a highei giade of 
goods As a conseiiuonce, the textile maimtactuier finds it 



Pig 7 •— Diagram of Cotton Manufacture 


moie profitable to sell his waste pioduct foi what it will 
hi mg, and to confine himself to the production of one com- 
modify or class of products 
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In ordei to understand the requiiements of an ideal tex 
tile plant it is necessary first of all to Imow the steps in the 
manufacturing piocess The woikmg up of cotton offers an 
excellent illustration of a textile industiy The diagram 
(Fig 7) on page 86 shows the steps m the manufacture of 
cotton goods from the hound bale to the cloth '■ 

The machines cairy the fiber thiough twelve mam steps 

1 Loosening Out the Fibers So That They May Be 
Gleaned — This is done by the bale-openei oi bale-bieakei 
and the mixing machines The cotton, in older to be made 
suitable for transportation, has been tightly compressed, and 
as a consequence, it is very closely matted and quite lumpy 
when it comes out of the bale In order to make it fit to 
enter the cleaning and carding machines, it is put thiough 
the mixers and openers where the lumps are teased out and 
the cotton itself is made into the form of a bioad, loose sheet 
of indefinite length, which can readily enter the machine 
used in the next step 

2 Cleaning — ^The cleaning of the fiber is usually done 
by air blast an scutchers, but the fiber is as yet in a lathei 
crisscross, loosely matted condition, and in tliat state is un- 
BUited to the making of thread In ordei to fit it foi th« 
threads, the fibers must go through the next process 

3 Pai allehng the Fibers — ^The main work of paiaUeling 
IS done in the carding and drawing machines Some clean- 
ing, of course, goes on in the carding machine, but it starts 
the step of paiahelmg the fibers, which is continued by the 
drawing frame After the fibers are made parallel, they 
come off the drawing machme m the form of a veiy loose 
sliver, which could hardly be used for spinning, so it must 
pass on for some further operations 

4 Attenuating the Slivers oi Stiands — The strands ait 
attenuated on the various slabbing frames or roving devices 


^ Census Bulletin No 90, p 27 
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It IS m these stages of the process that there arises a differ 
ence in the woik put upon the different grades of pioduct 
Veiy fine goods go through aveiy great number of machines, 
Mobile the coarser grades pass through but one or two When 
the strands have been attenuated and slightly twisted in or- 
der to prevent matting, before they are spun, they pass on to 
the fifth step 

5 Spinning — Spuming is the process of making the 
loose strand into a compactly spun thread, and is done by 
twisting the strands a great number of times There are two 
kmds of spuming machines, the mule spumei and tlie ring 
spinner The foimei attenuates while it is spinning, and is 
used on high-grade products The ring sjumiei is used on 
jnfeiioi glades of yarns, and does not attenuate so evenly as 
does the mule 

6 Doubling and ]\ Hiding — Prom the spuming machines 
aie sent forth single strands of yarn To make a strong and 
serviceable thread, two oi more of these single stiands aie 
twisted together on various twining and doubling machines 
These machines likewise wind it on diffeient kinds of spools, 
so that the yarn may be used for diffeient purposes, as knit- 
ting and the like 

7 Reeling — If the yarn is to be dyed or is to have any 
further preparation before it is woven, it is made up into 
skeins on the reeling machine, and if it is to be sent out to 
be dyed, oi is to be sold as yarn, it is made up into bimdles 
to facilitate transportation 

8 Dyeing — In this step the yam is given its color 
After it IS colored and dried it is then leady foi the final 
stops of cloth-making 

9 Pirn Winding — ^In this step the dyed yam is woimd 
in a foim so that it can be put into a shuttle, which will 
be easy to use in the loom to make the cioss threads of tbe 
cloth 

10 Warping — ^The pieparmg of the longitudinal threads 
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of the cloth in such a mannei that they can be put into the 
loom 

11 Weaving — ^The mteilacmg of the shuttle or filling 
thieads with the warp threads to make the cloth 

12 Fimnliing — In the finishing process the woven cloth 
IS cleaned, starched, and treated m various ways to fit it for 
its particular market 

The diagram shows how diiect the process of manufacture 
IS The building, theiefoie, best adapted to cairymg on the 
cotton industry is one in which tire machinery is arranged in 
a direct line from the bale breaker to the finishing room 

There are two possible ways of building a plant so that 
this end can be accomplished It can be built over a gieat 
stretch of territory, with the receiving department at one end 
and the shipping department at the other, and the goods may 
pass in a generally hoiizontal line through the plant Another 
form of plant is one in which the floor space is limited to 
within comparatively narrow boimds, but the structure is 
made high, so that the goods will pass in a more or less ver- 
tical direction The diagrams in Fig 8 show examples of 
both types of plant 

The textile industry is one in which the labor problem 
and proximity to a laige consuming market are veiy impor- 
tant This makes it desirable to locate the plant within the 
vicinity of a large population, but where land values are 
bound to be high As a consequence, textile establishments 
are usually built on the vertical plan in order to brmg then 
flxed charges in taxes, rentals, etc , down to as low a level as 
their location permits On account of the weight of the ma- 
terial handled and the comparative lightness of the machm- 
eiy, there is no engineering difficulty connected with the 
building of the structme, and no great expense is involved 
in elevating the goods The cost of handlmg the goods is so 
small compared with the savings due to the high structure 
that textile plants have long since been made tail structures 
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There are, however, some disadvantages in a high build- 
ing, especially if it be in a ciowded city It is very apt to 



Pig 8 

be BO located as to have some diflS.culty in seeming all the 
light desirable for the carrying on of the pi ocesses within 
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{he plant Until the spinning of the fibers begins, compara- 
tively pooily lighted looms can be used, but when the spin- 
ning and winding steps commence, aweU-liglited room is re- 
quired In waipmg and weaving it is even moie necessary 
On account of the lighting problem, textile plants have fre- 
quently been compelled to vary the sequence of the operations 
in such a way as to put the most delicate opeiations in the 
parts of the building where they can get the maximum 
amount of light 

The textile industries aftoid an example of the continuous 
industries of the non-by-pioduct type, and the characteristics 
of the layout and structuie of those plants can be applied 
equally weU to industries of a similar chaiactei These chai- 
acteiistics aie, in biief 

1 The plants may be built either high or low, without 
necessarily affecting the continuity of the process Hence 
they may be built in congested distiicts without incurring 
rental and taxes unduly high or othei overhead expenses 
which would become oppressive 

2 They should be weU lighted and ventilated, and must 
use large window space 

8 The wash-rooms and lavatories should be placed in 
positions convenient and yet not obstiuctive 

The most important industiy of the by-pioduct type is 
the iron and steel gioup The production of this one group 
amounted in 1905 to nearly $2,180,000,000 ^ It affoids from 
its importance and natuial characteristics the best example 
of the continuous synthetic industry of the by-product type 
In a previous chapter, it was shown how completely the steel 
mdustry is integrated This integration has been carried so 
far that nearly every plant is a complete unit m the sense 
that it starts out with the raw material and ends with the 
finished product 


^ Census Bulletun, No 67, p 25 
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Three mam mgiedients enter mtothepioduction'of steel, 
lion oie, coke, and limestone The non ore is a compound 
consistmg of one oi seveial oxides of non mixed with a con- 
Biderablp pioportion of othei mateiials, known undei the gen- 
eial name of gangue The coke has the qualily of extracting 
the oxygen contents fiom the oie, and leaving behind the 
non inametaUio state, but mtimately mixed with the molten 
gangue Limestone has tlie quality of dissolving this non- 
metallic content, and sepaiatmg it from tbs molten metal 
It sometimes happens that the non ore will have a gieatei oi 
less percentage of sulphur or phosphorus associated with it 
in some form or other If it contains the forniei, the ore 
must be tieated to a roasting piocess, to burn out the delete- 
rious content befoie it can be fit foi the blast fmnace Phos- 
phoiio non receives its tieatment farther along in the steel 
furnace itself The diagiam on page 93 gives some idea of the 
steps in the piepaiation of non and steel pioducts (Pig 9) 

A few yeais ago nearly aU coke was prepared in ^e vicin- 
ity of the coal mines, in bee-hive ovens, which did not yield 
any by-products This was following out the well-known 
principle that all unnecessary ingredients of the raw material 
should be removed at the source of supply in order to save 
freight lates Within the past few years, however, it has 
been found that the products so carelessly lost by the bee-hive 
oven are by no means worthless 

Probably people weie thoughtless of the by-products m 
coal because of the location of the iron and steel industries 
Pittsbuig was in the center of the richest natural gas region 
in the world Heat and power were given with such a free 
hand by nature that the ironmasters could not afford to trou- 
ble themselves about savmg the riches in coal Since the 
opening of the Pittsbuig distiict, great changes have taken 
place in the steel industry It has moved away from the re- 
gions of natural gas, and the gas itself has largely given out 
Heat can no longer be had for the mere tapping of the ground, 
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but must be secured by a more costly metliod Hrunan in- 
genuity baa been equal to the occasion, the blight luminous 
flame that bmst fiom the top of tlie old bee-hive oven was a 
beacon inviting the scientist to evploie an nhknown world of 
wealth The gases winch served to make useless flames me 
now carefully husbanded and burnt wheie they will create 
wealth for the owners Coke is now made on the giounds of 
the steel plant and in by-product ovens 

Chemiatiy has revealed tlie fact that coal cau be made to 
pioduce three valuable by-pioducts aside fiom coke, namely, 
gas, ammonia, and tai The latest type of the by-product 
coke oven sa-ves aU thiee of those products The gas is col- 
lected and puiified and sent to the vaiious parts of the plant 
foi heatmg and power purposes The tar is merely collected 
and sold In America the greater percentage of the tar is 
purchased hypeojilewho hare been instrumental in installing 
the by-product ovens, and iswoiked up by them into -various 
substances, as, foi example, aniline, creosote, and pitch, each 
one of those pioducts being a representative of the three mam 
divisions, into which the tai can he broken, viz light oils, 
hea-vy oils, and pitch The ammonia which is diivon off 
fiom the coal appears largely in the form of a sulphate and, 
after being purified, is largely used os a fertilizer As a 
result apparatus -bo purify the gas, collect the tar, and treat 
the ammoma is comected with the coking department of 
the steel plant 

Limestone does not require any prelnninary treatment 
aside fiom being broken and scieened into suitable size for 
the furnace It is, however, the basis of the slag, which 
comes from the blast fmnace and which yields some fiiither 
by-products 

The manuiactoimg of steel goods from the raw materials 
IS a continuous process, out a steel plant, unlike a textile 
establishment, is not handlmg light goods The umts hau- 
dlpd weigh tons instead of pounds The raw material has to 
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be acciuniilated in gieat masses in order to keep sufficient 
stock for all seasons of the yeir During the wintei montliB, 
owing tothefieezingof the lakes, oietianspoitation is largely- 
suspended Moieovoi, the forming processes of steel icquiie 
many passages through fiery furnaces, making it impossible 
to use anything hut the most stable and heat-resisting build- 
ing material 

The first requisite demanded by the nature of tire mateiial 
and the chaiactci of the process is sufficient ground space to 
make provision foi heavy foundations and ample room foi 
machinery, furnaces, soaking pits, and all the subsidiary 
plants that are necessary jiarts of a jilant 

The new plant of the United States Steel Coipoiation at 
Gary, Indiana, shows ivhat present leqniiementB are The 
dimensions indicated on the map (Fig 10) gi\ e one some 
idea of the gigantic piopoitions of its grounds The engi- 
neers of this plant introduced every possible impiovement 
that experience has demonstrated profitable The oie is 
bi ought in by lake vessels and unloaded bymachineiy to the 
gieat stock piles and the charging bms Railroad connec- 
tions enable the coke and limestone to be imloaded from the 
cars into the respective receptacles without any unnecessaiy 
handling 

The blast fiunaces aie the aj)paiatus which manufactiiies 
die non ore into pig-iron They aie charged from the top 
by means of skip hoists, the buckets of which aie flUed by 
means of gravity with ore, limestone, and coke, from the 
bins abm e mentioned 

The blast furnace derives its name from the fact that it 
receives its an for fuel combustion under heavy piesaure from 
poveiful engines This air is admitted into the bottom of 
the furnace at certain openings called tuyeies In order to 
make it more efficient as an iionmsker the blast is highly 
heated by being passed thiough special devices called stovesi 
which are frequently as high as the furnace itself The stoves 
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are usually arranged m batteries of four to each furnace 
While three of them are being heated by the waste gases from 
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Fig 10 —Plan of the Steel Plant at Gary, Indiana 
the furnace, the fourth stove is giving up its heat to the 
entering blast 
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Thiee pioducts come fiom the blast furnace 

1 Pig-iron, which goes onwaid for its final tieatment, 
eventually becoming the steel rail or some othei finished ma- 
teiial This is tapped out of the lower jiart of the furnace 
fiom time to time as the piocess goes on 

2 Gas, which is given off fiom the top of the furnace and 
is carried away by tho downcomei This gas contains suffi- 
cient combustible mateiial in it to make it a very valuable 
by-product, and is now extensively used in heatmg the stoves 
of the furnace, and foi powei purposes 

8 Slag, which at one time was a somce of expense to 
cany away, but is now made into cement 

The pig-iion, after it is tapped fiom the furnace, is earned 
onwaid in a molten state by great ladles to large mixing de- 
vices, where it is blended AVitii the charges from other blast 
furnaces, and made sufliciently homogeneous to warrant its 
being taken to the steel furnaces Tho steel furnaces may be 
one oi two types — the open-heaitli steel fmnace which is now 
being moie commonly used throughout the countiy because 
of the superior qualify of the steel it produces, or the Besse- 
mer converter, which was at one time mainly used in steel 
manufacture on account of the rap dity with which it convei’t- 
ed pig-iion into steel In either case the location of the plant, 
which does the changing of the pig-iion into steel, should 
be in a direct industrial line from the blast furnaces and mix- 
ing box, so that there will be no loss of time or waste of heat 

‘ Intra-works transpoitation plays a mighty part in this thrifty 
huiry The switch track indeed is the vital factor in Gary’s 
scheme Other steel plants may adopt its gas engines copy its 
enoimous open-hearth units duplicate its surpassing rail mill 
But they would have to rebuild from the bare ground up to attain 
the economies secured at Gary by the arrangement of furnaces and 
mills The placing of these was dictated by the speed a laboring 
locomotive can make on a curving switch track 

To relieve the locomotive and achieve speed the right angle 
was abolished in locating the various units Instead of setting the 



D8 THE PRINCIPLES OP INDUSTRIAL MANAGEMENT 


blast furnaces parallel or at light angles to the tracks serving 
them, they were placed at an angle of 22 degrees allowing a 200 
foot radius for the entering switch A train of 40 ton ladle cars 
can negotiate that swiftly easily with little outlay of power and 
no dangei of accident Reveising on the mam track they will 
rush away to the open hearths on long easy cuives of 800 feet 
ladius What goes in at the near end of each unit goes out at the 
other, one step nearer finished product Theie is no backing up,’ 
except of empty ladles or cars 

From the casting floor of the open hearths, the ingots go to the 
mold stripping houses thence to the soaking pits and the ordeal of 
the rolls Between blast furnaces and open hearths the angle to 
be overcome is only 57 degrees between the latter and the soak 
ing pits about 70 degrees The shortest curve m the 176 miles of 
track which will serve the mills has a radius of 200 feet nearly 
all are upwards of 400 feet The elevated approaches to the fur 
naces and mills were planned with the same canny regard for speed 
where speed is vital , elsewhere they are a compromise between 
economy of space and of power The company’s locomotives will 
do the switching— the cost will depend on how fast they can move 
a load how little coal and time they consume Continuous giavity 
tracks at the shipping platforms allow the shifting of loaded oars 
without engines 

Analysis of the woik’s transpoitation can go no further than to 
say that it embodies the most advanced railway practice Switch 
and service tracks except those at the blast furnaces are contin 
uous , blockades are impossible both ends being accessible and the 
forward movement of cars is uninterrupted The same principle 
obtains in the Kirk’ classification and storage yards and in the 
locomotive house, through which tracks and pits run at an angle, 
abolishing the turn table These individual savings, multiplied 
daily a thousand times, make tremendous economies ” i 

In the steel furnace, the molten pig-iion is brought into 
contact witli an, and in this way the excess caibon in the 
lion IS removed, to give the metal tho pioperties of mild 
steel When that stage is leached, the blast is turned off and 
the reducing process ceases The furnace is then emptied of 
its steel contents into a great ladle, which is cairied over to 
» Syatem, January, 1909, pp 10 and 11 
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the molds The molds are placed on tracks, set on an indus- 
trial railway, and after the steel is emptied from the ladle 
into these molds, it goes back for another ladleful, while tlie 
locomotive hauls away the steel-filled molds whose contents 
aie soon to harden into ingots 

By the time tlie ingots ariive at the steel plant, they are 
leady to be taken from tlien molds This lemoval is done 
by 1 device called the strippu, which automatically lemoves 
the casing and sets it on anotliei cai, by which it is letuined, 
to be used m molding anothei lot of metal The ingots, 
higlily heated, remain standing on the tracks leady to 
be hauled to the soalang pits, into which they are placed in 
order to be kept hot until they aie leady foi the loUs The 
waiting period is not long, some unseen powei uncoveis the 
top of one of the pits, a pan of giant tongs lifts the mass of 
driiiping steel fiom the fiammg cavity, and lightly w altzes 
it thiough the air to a little track into which it is gently 
placed The truck, as soon as loaded, automatically canies 
the gieat ingot on to the roll tables, which pass the mass of 
metal to and fro between two sets of rolls, one pan of which 
IS placed horizontally and tlie other vertically By a few 
passes the sizzling metal is leduced from ingot dimensions to 
bloom size Fiom these rolls, the bloom is taken automati- 
cally by lolling tables and carrying devices eithei to another 
soaking pit, wheie it is leheated before enteimg the lail 
mills, or it goes directly from the first iiaii of loUs to the rail 
mill 

The rail mill consists of three steel cylindcis set horizon- 
tally one upon the oUiei The bloom is put between the two 
lower rolls and is drawn thiough When it gets through, tlie 
roll table on the othei side of the lapidly revolving shaping 
cylindeis tips uiiwaid and carries with it the partly foimed 
rail, and then automatically pushes the latter into the upper 
set of loUs, which now draw it back to the other side, and 
the other table tips up to receive the more neaily formed rail 
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This process is repeated imtil seven or moie passes aie made, 
and the steel bloom becomes a gieat long steel lail 

Aftei it m ikes its last pass it is cairied on to the saws 
wheie the ends are tiimmed off, and then the revolvmg gang 
saws, at a single sweep, cut several lails, thirty to thiity- 
three feet long fiom the stiU led-hot steel ribbon 

Aftei tliat, automatic devices cany the mils to the cooling 
tables, where they remain until they attain the itmosphenc 
tempeiatme When cooled they are leady to receive the fash- 
plate holes These aie put in by dulling machines Tliiec 
or moie individual diiUs aie gioiiped witli a few inches in- 
tervenmg between centers, and then the two gangs of dulls 
are distanced from each other by the length of the rail The 
rail IS placed in position, and the meie pulling of a lovei 
starts all the dulls in both gangs simidtancoiisly, and the 
holes aie cut in a few minutes, making the lail ready for 
shipment Here, again, the ever -present carrying devices aie 
ready to do then work As soon as the holes aie cut, a tiav- 
eling chain slides the lail gently into a freight eai, which is 
•vaitmg to receive it to carry it to tlie consumer 



CHAPTER VIII 


CONTINUOUS INDUSTRIES, ANALYTICAL 

The preceding chipter considered the kinds of plants 
suitable for caiiying on sjmthetical piocesses This chapter 
will discuss plant stiuctnres for another large group of con- 
tinuous industries, which may he designated Analytical 
An analyst is one who separates a body of matter into its 
constituent paits, oi breaks it down into its original ele- 
ments The process is not confined to the treatment of physi- 
cal bodies A judge is called a keen analyst when he takes a 
mass of data presented by contending lawyers, and separates 
it in such a manner as to reveal the true significance of the 
e\idence This is as truly an analytical process as is the fil- 
iation of watei The judge separates the tnie from the false 
m evidence, just as the filter extracts the unpuiities from the 
wat-^r 

Non-by-pioduct and by-product industries may be in 
either the analytical group or in the synthetical class The 
non-by-product group of analytical industiies in 1905 con- 
tiibuted more than $2,500,000,000 to tire wealth of the 
country, mainly in the form of food products (not including 
meat packing) , liquors and beveiages, and liunbei products ^ 
Liquois and beverages are pioperly placed in this group of 
industiies because they are in the mam extractive industries 
In the industiies discussed in the preceding chapter, the 
materials handled in the process of manufacture were of such 
a nature that there had to be a considerable expenditure of 
time and labor or power m convoymg the partly fiivigbed 

1 Census BulletiUt No B7, pp 2B and 27 
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goods fiom ono machine oi step in the piocess to anothei 
In a textile establishment tiiicks and elevators aie veiy ex- 
tensively used, while in a steel niiU the conveying machmoiy 
IS unique foi its elahoiateness 

In the analytical gioup of industiies, tlie laiger number 
i!an utilize exceedingly cheap means to convey mateiials fiom 
step to step in tlie manufactiiiing piocess Two conditions 
conspire to make this possible 

1 In many of those industiies giavity can be extensively 
used in conveyance 

2 The processes are of such a natiiie that the goods, ns a 
rule, are handled in bulk oi in continuous, nnbioken streams 
ratliei than in individual units 

Mattel may be gaseous, liquid, oi solid The handling 
of the solid IS the most difhciilt and expensive, but it the 
solids consist of very finely divided pai tides, the task is sim- 
plified Such goods may, in fact, bo handed as easily as 
liquids 

Liquids am veiy easily handled in bulk They can be 
concentiated at a single point, as at the bottom of a building, 
and then, by means of pumps, be foiced thiough pipes to the 
top of the structuie Piom this elevated position they can 
be passed by gravity thiough thevaiioiis steps of the piocess 
fiom the beginning all the way to the shipping-room 

Sugar-refining affords an excellent illustiation of an in- 
dustry of the non-b} -pioduct type which handles solids and 
liquids Raw sugar comes to the United States in huge 
quantities from abroad The large refineries aie usually lo- 
cated at some seapoit where it is possible to unload the sugar 
cliiectly fiom the vessel into the storage house 

The law siigai is earned m the hold of the vessels in hags 
of vaiious descriptions, and is hoisted out by a steam wind- 
lass lu lots of several hundred pounds at a time Prom 
tlience it is weighed in the presence of government inspectors 
who determine the duly charges After it is weighed, it is 
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earned to the stoiage house by means of xapidly moving 
tiavcling cianes These cianes stark the sugii in immense 
piles away fiom the weathei, where it is kept until leady loi 
use 

In order to refine the law sugai it is dissolved in crude 
molasses, which is then heated to the melting point This 
IS usually done on the first flooi in close proximity to the 
stoiage sheds (See Figs 11 and 12 ) Fiom thence it is 
pumped to the top of the building and treated in the defeca- 
toi with some leagents, which coagulate the various impuii- 
ties and neutralize any vegetable acids in the sugai solution 
Wlien the coagulation is complete, the solution is nm to the 
flooi below, wheie it passes through coarse canvas bags, which 
strain out foreign substances 

The solution, although now freed fiom the giossei impuri- 
ties, would stiU give a yield of lather unappetizing appear- 
ance if not further iiurified bofoie crystallization In older 
to remove all extraneous matter it passes another stoiy doivn- 
waid thiough laige bone black filters, fiom which it issues a 
clear, colorless liquid, occasionally slightly tinged witli yel- 
low After it has iiassod thiough the bone black filters the 
solution IS ready foi ciystallization The crystallization is 
done on the next floor below 

Here are placed large enclosed vessels connected with an 
exliaust which leduces the inessure in the vessel to a very 
low iioint These enclosed vessels aie known as vacuum pans 
in which the solution is boiled in ordei to crystallize the 
sugai from it The task of boilmg the sugar until it leaehes 
the proper point for ciystallization is one that requires care 
and experience on the pait of the operator, and as a iiile he 
IS one of the best paid men in the plant 

After the solution has been boiled until it has reached the 
proper condition, it is run into cooling and mixing tanks to 
crystallize These tanks are situated on the floor below the 
vacuum pans and contain a semi-liquid paste of syrup and 
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granulated sugar To make the complete separation of the 
crystals from the syrup the pasty mass is dropped into cen- 
trifugal machines located on another floor beneath The 
centrifugal machines revolve at a high speed, and fling the 
liquid mateiial thiough their poioiis sides, leaiing behind 
the granulated sugar At this point in the xwocess, any yel- 
lowness which may tinge the sugar is removed by the slight 
addition of some ultramarine to the sugai as it is being 
whizzed in the machine 

Piom the centrifugal machines tlie sugar is passed to 
another flooi, where it is jilaced in laige diying and granu- 
lating cylinders heated by hot air After it is diied and 
gianulated it is run into bins, and from them, by gravity, into 
barrels and other containers in which it is sold to the con- 
sumer (See Pigs 11 and 12 ) 

Gravity is likewise used in cleaning the apparatus of the 
refinery The bone black oi char filters become clogged with 
impuiities, so that it is necessary to clean them out at fre- 
quent intervals This is accomjilished in a very ingenious 
manner The char contents of the clogged filter are dropped 
thiough a senes of heated cylinders, which flist diy the ma- 
terial and then heat thechai to the point of incandescence, so 
that the impurities in the char become charied themselves, 
and as a consequence the imxiurities actually become the 
means of purifying succeeding lots of sugar (See Pig 11 ) 

It IS evident that a sugai refinery must he a very high 
building if it IS to take advantage of the gravity method of 
conveyance This is usually the case, and, inasmuch as tlieie 
are few steps in the process which require a gieat amoimt of 
light and observation on the xiait of the worker, one will 
usually find that sugar leftneries are tall, sombei-lookmg 
buildings They must all have great storage-iooms in order 
to contam the raw sugar and also to hold their finished prod- 
ucts, because the goods come from afar, and the manu- 
factuiei must keep on hand a great quantity of goods m 
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oidei to keep his plant running uniformly throughout the 
year 

The diagrams 11 and 12 show the layout and elevation of 
oie of the laigeat siigai lefineiiea in the United States In 
coiuiection with a gieit many u fine lies tlieie aie \eiy tie- 
qiiently barrel factories and -wooden box factories which man- 
ufactuip the cases foi the finished sugai 

The shipping looni of the sugar lefinerj should lie so 
placed that tlie fini hid sugar will come in-^o the dopaitmcnt 
with the least possible ti licking cost The room should also 
be so placed that the goods can he put into wagons oi cais 
without any annecessaiy handling The diagiam shows how 
closely the lefinery has held to this ideal The packing, 
stoiage, and shipping departments aie located right on the 
coinei oi the public stieet and lailioad, and goods can be 
put into the height cni with even less handling than it takes 
to load the wagons which distribute the piodiicts to the local 
gioceis 

Another well-known industiy of the analytical type which 
handles solids exclusively and uses the gravity means of con- 
veyance IS floiii milling Th( rapidity with which flour is 
made and the cheapness with which it is handled is a never- 
ending source of interest to the student of industnal manage- 
ment One can go through a mill that manufactures thou- 
sands of ban els a day and find some few dozen men supplying 
all the necessary labor for the vast concern The stops in 
flom -making aie as follows 

t Gleaning — Here the grain is not only separated into 
good and had lota, but has all foreign matter from dust to 
tivigs and nails taken out of it 

2 Oi inding — ^At this stage tlie different qualities of 
flour aie obtained by separating out of the giam its various 
envelopes of nutritive matter and grinding them between 
different senes of roUs 

8 Screening or BolUng — In this step the various grades 
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and sizes aie separated after they have passed through the 
rolls 

4 Punfying — ^The purifier extracts fiom the finely- 
ground grain the light flaky cellulose technically known as 
“bees’ -wing ” This bees’ wing has become so intimately 
mixed -with the flour that it cannot be taken out by the 
screens The work is done by means of a gentle an blast, 
which IS strong enough -to lemove the bees’ wing but not the 
flour particles Ihis leaves the floui purified of all foieign 
mattei 

6 PaoTcing — ^Here the flour is weighed into bags and 
barrels and sealed for shipment 

6 Stoi age mid Shipping 

In order to take advantage of the gravity method, convey 
ing buckets carry the gram to the top of a high, almost win- 
dowless stnictiire, where it is cleaned of its impurities in 
pieparation for the grinding Seveial giinding piocesses 
take place, and after each gimdmg the giain is bolted On 
account of these many gnnding and bolting steps, it is un- 
economical to build a mill so high that giavity will do all 
the conveying work fiom the begmnmg to tlie end of the pio- 
cess Considerable saving in power and space is obtained by 
keepmg the cleamng, giinding, screening, and purifying ap- 
paratus on different floors This makes necessary some re- 
conveying of the partly ground giain to upper floors, but the 
general line of passage is not broken One great stieam of 
grain starts fiom the top of tl e hiiildmg, and aftei a few 
eddying currents on the downward flow, finally emeiges fiom 
the last machine as white flour ready for the bakei 

The by-pioduct industries of the analytical type con- 
tribute by -the meat packing and chemic^ industries, in- 
sluding oil refining, about $2,000,000,000 annually ^ The 
meat-packmg indusfay alone accounts for $914,000,000 of this 


‘ Census BnUefm, No 67, pp 25 and 27 
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Rinouni * It oSera one of the best examples of an industry 
of this type 

In meat packing, large imits aie handled It would be 
an exceedingly difficult matter to handle tlie piodiicts of the 
packing house as gram is handled The packing establish- 
ments have mtroduced such remarkable economies into tlieii 
business that it is noted the world over for its perfection in 
oigani^ation, and the buildings have been made to fit the 
piocesa in a most remarkable way 

The packing house, as in all mdustiics, one of the im- 
portant problems, is the passing of goods fiom depai-tment to 
department with the least possible outlay of power It has 
been seen how some otlier industries solve tire problem The 
manager of the paokmg house does not handle goods that can 
be pumped or conveyed by belts and nm through machines 
in hulk, as is done in cotton spinning or fiom mamifactuiing 
His task is to handle a delicate, but large and unwieldy body 
A miscut will lower the value of the product, peihaps enough 
to destroy tlie piofit m that step of the process, and even 
cause an absolute loss on the entire caicasa 

It has been said that m the paokmg house everything 
about the ammal is saved save his dying gioan A person 
can appreciate the full significance of tins statement when he 
realizes the refinements of the savmgs The first step in the 
process of meat packing is to diive the animal to the top 
floor of the biuldmg, where it is stunned The succeedmg 
steps in the process are as follows 

After the animal is knocked on the head it is dropped 
from the stunning platform to the floor Here the animal is 
shackled and lifted by means of a power pulley to the bleed- 
ing rail, where its throat is opened and allowed to bleed for 
SIX mmutes At the end of tliat time the head is removed 
and the carcass allowed to bleed for ten minutes more By 


'CCTwua BtOleUn, No 67, p 27 



:iO THE PRINCIPLES OP INDUSTRIAL MANAGEMENT 


this time it IS ready foi fmthei dissection Foimeily it iias 
the univeisal piactice to have this dissection cairied on ith 
the animal hung by its hind feet fioin an elevated rail The 
nil uas slightly inclined so tliat the mere weight of the car- 
cass V ould move it onwaid 

With this aiiangcmont tlie woilonan had to walk with 
tlio moving animal while he u as working upon it Moie 
ovei, tlie animal, being hung m tins way, was somewhat in- 
conveniently j)hced for some of the diessmg steps In oidei 
to place It equally comemcntily for aU dressing steps, and to 
eliminate tlie walking on the piait of the opeiaior, the Ai-moui 
Company has installed a moving table, 216 feet in length, on 
which the animal is deftly diopped on its back aftei it is 
beheaded The workmen stand on this moving table, make 
their cuts on tlie animal, and then move hack to the new ani- 
mal as it comes from the pieccding wfoikei In this way wdii^e 
they aie cutting tlie animal, they aie stationaiy with respect 
to it, yet the ammal is going on its onwaid couise 

As each piece is taken fiom the body it is dropped into a 
chute or oiiening by which it is earned by giavity to the 
piece wheio it wiU receive fiuther treatment The caicass 
itself moves onwaid After all the tiimming lias been done 
on the tables it is lifted automatically fiom the table to ovei 
head tiavolmg hooks These hooks aie run on tiolleys, and 
the tiack is inclined Heie the dressing is continued, and 
the animal is washed, cleaned, split, and e\ entually weighed 
All the time these operations oie going on it is gradually 
appioaching the cooler 

Fig No 13 18 taken fiom one of the laige packing houses 
in Chicago, and shows graphically how well the firm has 
kept in mmd the adaptation of the building to its purposes 
The entiance for the animal is so placed that by tlie time its 
carcass is prepared no unnecessaiy traveling is required to 
enable it to have cheap shipment either for long distance by 
railroad, or for local tiade by teams 
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The p]iotogaaph on the othpi page (Fjg 14) pliows Ihe 
tiPmendouB extent of giound covoied by one of the largo es 



ffl/ courteav cf Armour & Co 

Fig 18 —Plan of a Packing House 


tahlishmenta and the apparently heterogeneous arrangement 
of stoiehouses, power houses, laboratories, stables, and other 
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departments ‘ The plants do not have the most economical 
layouts The writer, in speaking to a number of the officials 
of the vaiious concerns, has been told that there aiehundieds 
of places where improvements could be made Any concern 
having a clear spot of giound sufficiently laige would rebuild 
its plant in quite a different way The present grouping of 
buildings has resulted from meeting the needs of the mo- 
ment Idealism had to be sacrificed to piesent exigencies 
Howevei, the arrangement and grouping of the buildings 
with all of their defects indicate several noteworthy fea- 
tures 

1 The vaiious killing departments have maintained the 
theoietical ideals of structure of buildmgs In the cattle, 
sheep, and hog-kiUing establishments the animal supplies its 
own motive power to the plant from the unloading pens, and 


‘ The various departments numbered m Fig 14 are as follows 
1 Lard and Oil Refineiy, Butterine and Oleo Oil 2 Tin Shop 
Lithograph Department 3 Carpenter Shop 4 Visitors’ En- 
trance, Paymaster 6 Timekeeper Emergency Hospital 6a 
Pire Engine House, Watch Patrol 6 Pepsin Laboratoiy, Diges- 
tive Ferments 7 Vinegar, Pickled Goods 8 Smoke House 9 
Scale Repair 10 Employment Office 11 Storage 12 Print- 
ing Department Labels, Stationery, Adveitismg 13 Hog Kill- 
ing 14 Canning Department 16 Beef Extract, Mmce Meat, 
Soda Fountain Supplies 16 Sausage 17 Meat Curing 17a. 
Pork Cutting Floor 18 Butter, Egg, and Poultry Freezer 19 
Power House and Refrigerating Plant Electrical Depaitment, 
Machine Shop Boiler Rooms 20 Beef Freezer 21 Cattle Kill- 
ing, Sheep Killing 22 Wholesale Market 23 Ham and Bacon 
Department 24 Shipping Department 25 Bone Novelty De- 
partment 26, 27 Fertilizing Factory 28 Stables 29 Wool 
House, Sheep Skins, Pelts etc A large number of the depart- 
ments are not shown on the picture, for instance Hide Cellars, 
Chemical Laboratory, Cooper Shop, Paint Shop, Police Station 
Retail Market, Gas Plant, and Box Factory The Glue, Gelatin, 
Soap, Curled Hair, Sandpaper, Anhydrous Ammonia, and Isinglass 
Departments are at Thirty-first and Benson Streets, one mile north 
of the Union Stock Yards, 
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fehe buildings into which they run aie well ananged to 
handle the cattle fiom the slaughtering to the shipping 

2 The vaiious subsidiary plants, as the canning and 
smoked meats departments, that are most dependent upon 
these mam sections, are situated in close pioximity to mam 
departments 

8 The auxiliaiy plants which manufacture the acces- 
soiies necessary to cany on the mam business aie placed 
near the buildings, which use their output, the can manii- 
factming plant being jilaced conveniently between the lard, 
butterme, and oleo department and the canning department 

4 The departments which aie not m such intimate con- 
tact with the more active business and yot which are abso- 
lutely dependent uiion the mam killing departments, aie 
placed near the various killing departments, but not in any 
particulai lotative oidei, as, foi example, the pickling and 
stoiage departments 

6 The deiivative industiies, as, foi example, the but- 
torme and oleo plants, laid refineries, and the like aie put 
as near the killing establishments as is possible without 
inteifermg vith the other more important subsidiary in- 
dustiies 

6 The derivative industries, as the fertilizer plants, 
which create offensive odors, are placed on the outlying 
boundaries of the plant 

7 The power house is put m a central location The 
ideal situation for the power house would be to jilace it as 
neai the departments leqmimg the most steam, namely, the 
tanking house, bone house, and od house, which, according 
to Ml Wilder, aie the largest consumeis ^ 

A close inspection of the photograph will show, however, 
that m a number of cases there are deviations from tlio best 
practice, as lecognized by modem managers The printing 


^''The Modem Packing House,” by P W Wilder, p 28 
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eatablialiment, foi instance, is backed by tbe house -which 
raanufactuics digestive feiments On its light side, is the 
beef extiacting and soda fountain supply depaitmcut, -while 
on the othei is the timekeepei’s othce and the emergency 
hospital The vaiious piclding and stoiage houses aie scat- 
toied all ovci tlie plant, some of them quite a distance fiom 
father railroad siding or the plants -which gi\e them their 
mateiial Even the shipping depaitment is open to some 
ciiticism The beef and sheep shipping-room is located at 
one place, the hog shipping at another, while the products 
fioni the canning and ciiiing departments irust travel some 
distance befoie they reach a shipping iilatfoim (See No" 
22 and 24, Fig 14 ) 



CHAPTER IX 

ASSEMBLING INDUSTRIES 

Besidfs tlioao kinda of manutactuimg ^vlieiem tlieie is a 
continuous action uiion the mtiio miss all the time the goods 
aie h( mg tieated, theie is the AssPinbling type An assem- 
bling industry is one wheiein the final product is made by 
hist pioducing the various ingiedionts oi parts, and then as- 
sembling them together This type of an industiy lequires 
a niinufactuiing dipaitment, men oi opeiators to make 
parts, and another sot of producers who pm these parts 
Examples of these industiies aie shoe manufactuiing, toy 
nianufactuiing, locomotive making, engine building, ship 
build mg, piano making, and clotliing making 

Aocouling to the Census reports of 1905 tins assembling 
class of industiies in tho United States yielded over $4,000,- 
000,000 worth of products ^ Poiii of the fourteen gioups into 
whicli the census lepoit clusaifics xndustiies, including leathei 
and its hnishcd products, metal jiroducts, vehicles, and ship- 
hiuldmg, had by fai the larger part of their production made 
liy this iriethod The niiscpllaneous group of industrioB, cm 
liracmg agiicultunl implements, electrical machmeiy, and 
musical instruments, made a contnbution of $860,000,000 
to the assembling indiistiies, while the lumber group gave 
$170,000,000 worth in fuinitme lion and steel added a 
total of nearly $800,000,000 of assembled goods in machinery 
products, and the textile group gave over $800,000,000 worth 


* Census Bulletin No 67, p 25 
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in men’s and women’s clothing, fui goods, hats and caps, 
millinery, men’s fmnishmgs, and coisets ‘ 

These industries divide themsehes into two typical 
classes, which m a measuie eoricspond to the non-by-product 
plant and the hy-pioduct plant m the analytical industiies, 
except that in the by-product plant the material is taken fiom 
the goods, while in the assembling process the subsidiary 
plants contiibute to the main mateiial The assembling in- 
dustiies aie here divided into these two gioups -nhicli aie 
considered sepaiately 

1 Diiect producing industiies wherein the goods are re- 
ceived, iioiked upon, and assembled without the intervention 
01 using of any intermediary steps which do not finally show 
in the finished goods Examples of these are afforded by 
shoemaking, toy manufactuiing, piano producing, and by 
many other industries 

2 Indiiect industries wheiein vast amounts of money 
must he spent in producing forms, patterns, molds, and other 
auxiliary suiiplies befoie the product can be obtained, as for 
example, machine and tool manufacturing, shipbuilding, lo- 
comotive making, general machine shops, and eloctucal sup- 
ply plants 

One characteristic of the assembling industries of both 
classes is that the goods they produce are made up of a great 
number of parts, each one of which must be separately han- 
dled and tieated, and adjusted to all the other parts of tlie 
completed article A simple-lookmg instmment, like a pi- 
ano, is made up of seveial himdied jneces, which must be 
carefully adjusted to each other to evolve the perfect instm- 
ment The individual pieces aie themselves made up of 
parts The keyboaid apparatus consists of a key and ham- 
mer A key is made of about eight pieces The hammer 
has seven pieces A full piano has fifty-two white keys and 


1 Cf CemuB Bulletin, No 67, Table 84, pp 76-98 
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thirty-gix black In addition, there are the strings, pivots, 
sounding boards, and a gieat many other paits which in 
themselves aie made up of other paits In order to get beauty 
in workmanshiji and a tnistwoi-thy article, all of these things 
must be handled with discriminatmg care and deftness 
Machmeiy can cut thehunbei, it can twist the stiings, smooth 
the ivory, make the felt, it can plane the pieces, but it can- 
not assemble them without intelligent guidance 

Anothei chaiacteristic common to both types of assem- 
bling manufacturing is that in these industries, more than in 
any otheis, a veiy laige amount of the work must be done by 
human labor Assembling indiistiy plants, as a rule, have 
fai moie operatives to an establishment of a given size than 
does any othei group of plants This is due to the fact that, 
as a rule, the assembling plants manufactuie diiect con- 
sumption goods which are designed to give immediate per- 
sonal satisfaction to tlie consumei It is true tliat wheat 
giinding produces a consumable product in the form of flour, 
but tlie iDublic does not get any immediate satisfaction from 
the floui It must go through the bakery and be assembled 
with otliei ingiodionts, such as sugar, butter, laid, etc , be- 
foie it becomes a consumable product The manufacturing 
of pig-iion makes a consumable pioductfoi the foimdiyman, 
but the cast j^ig-iron in itself would be of little utility unless 
it passed tliiougli tlie foundry and machine shop to produce 
locomotives which can haul tiains, oi engines which can 
siiiiply power to run looms 

The products of assembling industiies aae in themselves 
objects more oi less complicated in their constmction and 
essentially specialized m then nature They have a gieat 
amoimt of individuality They aie complex and vaiious in 
construction In many cases it would he unprofitable in the 
first place to make machines to do much of the work, because 
the machines would have to be alteied at frequent intervals 
on account of the changes in styles and of the rapid improve 
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mcnts which aie constantly baing made in the construction 
of these diicct consumption goods In the second place, 
machines to do the ivoik ivould have to be so complicated 
that long peiiodg of time would be required to e\olve and 
develop a piofitable machine 

The ngsembling mdustiies, although having a veiy gieat 
deal of inachmeiy, have machinoiy of a more oi loss general 
natuie to do uoik of moie tlian one kind oi sizo These mi- 
chincs of necessity roquiie operatives who can adapt them to 
do new woik, and ivho must guide and diiect them while 
they aie mnning 

These two diaiacteiistics at once bung up exceedingly 
impoitant quesiions 

1 How shall tlie vaiious manufacturing departments be 
auanged with lespcct to the assembling depaitmcnt so that 
theie will be a minimum amount of handling of the pieces? 

2 How shall the plaid be built so that a compaiatively 
laige numbei of woikeis will find loom and convenient facil- 
ities foi doing then work? 

It has been seen in the tivo jneceding chapteis that the 
stiaight-hne method of moving mateiial through plants is 
the theoietical ideal for cIiGaii production, and it has been 
shown how various types of plants have acllieied to the ideal 
and have adapted then stiuctiues accordingly Wliat is true 
of the continuous industiies is also tiue of the assembling 
industries The straight-line method of manufactuie is, if 
considered from the absolute standpoint, the ideal The 
buildings should be so constructed and the departments so 
arranged that there wiU bo no retracing of steps oi backwaid 
movement of the parts in then passage thiough the plant 

Fig 8 shows how the stiaight-lme ideal may apparently 
be varied and yet be ngidly adhered to in plant consti notion 
The diagiam likewise indicates m a similai manner how the 
straight-lme method may be apphed to the assembling pio- 
cesses (See Nos 4, 5, 6, 11, 12, and 18, Fig 8 ) The 
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qixestion of pioviclmg room foi thp employees will natuiolly 
modify the geomotiio Imo, ind the figure shows how thi 
stiaight industrial lino is maiiitamed in many plants and 
yet oppoi-timity is given foi the employees to cany on then 
woik If it comes to a question of deriding between depart- 
ing fioni tlie stiaight indiistiial lino and locating n ceitam 
depaitinint oi setoi machines so tint they will be nioie con- 
VI nicnt foi the employees, it is usually beitei to depait from 
the mduatiial line latliei than make conditions such that the 
output of the employees wiU he limited by evtemal condi 
tions 

Shoomahmg is a good example of the diiect pioducing 
ludiistiy Factoiy shoes aie usually made in two dozen lots, 
each company confining itself to a moie oi less limited num- 
bei of styles and values of shoes In some cases, the styles 
made by a concern will be a dozen oi even less, and then, on 
the othoi hand, they may extend into the scoies 

To piodiice a shoe lequiies 

1 Tlio CidLing oj the Mato tal Jot Uppet ? — ^The loathei 
forming the upper portion of tlio shoe is cut to certain yiat- 
tr ins which i ary w ith the sty Ic of the shoe The linings aie 
likcwisf cut fiom special cloth 

2 i.‘>'livin(/ 01 Ltvelintj — The edges of the leathei aie 
then put through a skning macluni, which levels tlicm off 
so that they may ho neitly tinned, thus piosentmg a finished 
edge on all open parts 

8 Tui ning — The skived li atliei is then yiassed over to a 
machine which apiilies cement to the inside of the beveled 
edge and deftly turns the leathei ovei and gives it its fin- 
ished appeal ance 

4 0i tiamenting — ^The small perforations seen m the tips 
and other paits, which aie put in foi ornamental puiposcs, 
are dyed in the leathei at this stage by means of a Power Tip 
Piess 

5 Sewing —-The different parts of the upper aie sewn to 
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gethpr on special sewing machines, and the cloth lining is 
likewise stitched to the leathei 

6 Eyeletting — ^The eyelets and hooks are next inserted, 
01 buttons are attached at tins stage of the piocess The 
rapidity with which tins is done is lemarkahle One ma- 
chine wiU place perfectly aU the hooks and eyes in a pair of 
shoes within the space of five seconds 

7 Stiff emng Toe — ^This is done by cementing a piece of 
pulp hoard mateiial between the under part of the tip and 
the lining to prevent the shoe from curling up on the end 

8 Blocling Sole Leather — Dies are made foi difteient 
sizes and shapes, and the outsole is cut from heavy hide by 
means of a powerful press 

9 Bloch ng In&ole — This is similar in process to block- 
ing the outsole, but an inferior grade of leathei is used 

10 Rounding Soles — The roughly died out insole and 
the outsole aie separately reduced to exactly the desired shape 
on a specially designed machine called the Planet Rounding 
Machine 

11 Evening Insole — The insole is passed through a little 
machine which reduces it to an absolutely even thickness 

12 Splitting Outsole — This is an operation similar to 
the evening, but the machine is hea\ lei on accoimt of the 
heavier leathei that must be shaved and cut Both machines 
make all soles uniform in thickness 

18 Rolling Outsole — ^The outsole is passed thioiigh a 
heavy rolling machine where it is subjected to tons of pres- 
sure between heavy rolls This brings the fibers very closely 
together, and greatly increases the wear of tire shoe 

14 Channeling Insole — In this operation a little sht is 
cut along the edge of the insole, extending about half an inch 
in toward its center At tlie same time a little chaimel is 
cut in the leathei so that it may receive the thread and per- 
mit the upper flap to be smoothly drawn over after the insole 
IS attached to the welt and upper 
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16 Gutting Heels — ^The heel pieces are died out from 
small sciaps of leather 

16 Cementing Heels — ^The small pieces aie firmly ce- 
mented togethei, and one piece especially selected is fastened 
to die top of the heel, thus giving a good base for nailing it 
to the shoe 

17 Compi essing Heel — ^The heel is put imder great pres- 
sure to give it exact form, and to increase its wearing quali- 
ties 

18 Inset txng Insole — The insole is now attached to the 
last, and the last is put inside the upper, and a pulling ovei 
machine in the hands of a skilled operator is used to adjust 
the last to the upper 

19 Lasting — ^When the last is properly adjusted, the 
shoe IS taken to tlie lasting machine, where the upper is 
neatly stretched over the entiie last This operation is one 
of the most difficult and important in the shoemakmg pro- 
cess If it IS incorrectly done, the appearance of the shoe is 
spoiled and its wearing qualities are greatly impaiied The 
machine works with almost human ingenuity It has a set 
of fingeis which gi ah the leather, pull it over the last, and 
then it inserts, at frequent intervals, tacks to hold the leather 
in shape 

20 Welting — ^The welt is now sewed from the inside hp 
of the insole so that tire needle passes through lip, upper, 
and welt In this way aU three are securely united, and the 
welt iirotiudes beyond the edge of the shoe Just before 
the sen mg has been done, the tacks, Avhich were driven into 
the last to hold the upper in place, are withdrawn 

21 Trimming — ^The surplus portions of the hp, up- 
per, and welt, are now neatly tiimmed off, and the welt 
is made to stand out evenly from the shoe After this is 
done, the tacks which held Uie insole to the last are with- 
drawn 

22 Attaching Outsole — The outsole is covered with ce- 
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inpiii, incl IS fiimly piesspd upon the iiwole and welt bj means 
nt a heavy mathine 

23 TtimniDig Sole — ^The poitions of the sole extending 
beyond the welt aie trimmed off so that both welt and sole 
make an ovi n edge At the same time a flap and channel 
ill I! out aioiind tin edgr of the outsolt, as was done m the 
ma< lie 

21 OjH iniKj C'hannil — ^The cut chanm 1 is opened out on 
a cliunnil opening niithino, making it icady to uccivi the 
Btitch 

25 Stilclniig — The sole is fiimly stitched to the welt on 
a poweifnl stitching machine 

26 Closing Channel — The inside of the channel is coated 
w ith cement, and the flap is smootlilj diawn ovei so that the 
stitches aie entiiely liidden 

27 Levcluuf Sole — ^The sole is put undci lieaw piessuie 
on a I( vcling machine, which subiects it to a loUing piocess, 
smoothing tlio bottom 

28 Tacling Uppei — The poition of the sole designed to 
lecene the heel is not sewn to the welt At this si ige it i j 
nailed to the upper and ihiough the insole, the nails being 
turned by a steel plate on the Ik ( 1 of the last 

20 Heelinc] — ^The heel is now nailed to the shoe and tl e 
bottom cap put on the heel 

80 Fnmhing — Plus consists of seveial steps, all tend- 
ing to give the shoe its final form and finish 

31 PaoLing and Shipjnng 

The diagiam on page 123 (Pig 16) shows giaphically 
the iclationship of these vaiioiis steps to each othei 

The gieat niimbei of operations necessaiy to produce a 
shoe makes it important to oidei the processes in the most 
economical manner The ideal oidoi of airangement is the 
straight, industrial line The assembling industiy may be 
regarded as a iivoi fediiom many soiuees, the shipping loom 
coiiespionding to the mouth of the stream The ideal plant 
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IS onn winch will make tiie mulets flow into the mam chan- 
iK 1 as soon as possible, and 's et not flow in until all is i eady 



Fig 16 — Shoe Manufacturing 


lor their absorption, otheiwise they will hmder iirogress 
(See Fig 17) 
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Almost every part of a shoe factory should be well lighted, 
and since it is important that it be in the midst of a large 
laboi supply and easily accessible to good markets, both local 
and distant, it is necessary to place tlie plant in either a city 
01 subuiban location Consequently, the plant cannot be 
spread over too much teiiitoiy, because not only would it 
unnocessaiily increase the interest charges on the pioperty, 
but would also inciease the burdens of heating and power 
transmission 

The genoinl form and structure of a shoe factory is chai- 
acteiistic of almost all of the plants of the diiect pioducing 
gioup The establishments are units in themselves, having 
few if any outbuildings 

The indirect assembling industries differ greatly in their 
plant construction from those 311st considered Nearly all 
machineiy-makmg plants require at least three comparatively 
large auxiliary divisions aside from the machine shop, 
namely, the diawing-ioom, pattern shop, and foundiy If 
the plant is very extensive, these auxiliary departments may 
increase imtil they include a carpenter shop, brass foundiy, 
blacksmith shop, boiler shop, punch sheds, galvanizing de- 
partments, and perhaps several others In addition to these 
directly contiibuting plants one will almost mvaiiably find 
a pattern storage shed, a lumber shed, iiower house, boiler 
house, and possibly pamt shed, drying kilns, and other de- 
partments of moie or less importance 

The building of a vessel probably offers the most complete 
set of operations common to any assemblmg industry of the 
indirect type To construct a ship it must, first of aU, be 
designed m the engmeers’ offices and drawmg-rooms Here 
the shape, size, and specifi.cations for the hull, machinery, 
and boileis are drawn up The arrangement of the compart- 
ments m the vessel for carrying passengers, cargo, and coal, 
and for receivmg the propelling equipment is shown The 
fumishmgs and equipment of all the various departments of 
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tlie vessel are specified, and detailed drawings are made of 
every part of the hnH, machinery, and equipment 

The diawings are then sent into the three mam divisions 
of the plant, each one of which carries out its assignments 
accoiding to the drawings and specifications issued, the 
thiee pai-ts being the Hull, the Boilei, and tlie Motive Power 
Divisions 

A Hull Division 

1 Foims and Templets Mahing — ^In the mold loft of 
the yard aie leceived the drawings of all hull parts, and 
in here are made all the foims and templets uhich are 
to he used as guides by the woikmen in constructing the 
hull 

2 Keel and Rih Cutting and Shaping — ^All the frame- 
woik of the vessel is out from the stiuctural iron and bent 
into shape 

8 Plate Shearing, Bending, and Punching — ^The plates 
which aie to make the huh, of the vessel are cut out in a ma- 
chine called sheais and shaped m bending roUs, and the 
■"net holes aie put in by powerful pimches 

4 Keel Laying and Billing — The foundation frame- 
woik foi tlie ship is made by laying a heavy piece of struc- 
tuial non the entire length of the vessel, and from it at 
right angles aie set radiating ribs of varymg shapes and 
lengths, so that when they aie covered with the steel plates 
the vessel will have the designed shape and size 

6 Fitting Plates — ^The plates which have been previously 
punched and shaped are now fitted to the ribs and to each 
other, tlie iivet holes are reamed out, and rivets inserted to 
bind tlie plates together All plates tliat are to be below the 
watei line are usually hand riveted, but above the water line 
machine riveters do the woik 

6 Piping — When the framewoik begins to be covered, 
the pipe and steam fitters put in all the pipmg necessaiy to 
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sii2i2)ly tbp couiijlpx; oigiim/atjtm of tlip vps< 4 p 1 In b uip 
^n\!i£,e S3'^sUniH, sb iiiii^ipp luvs foi iKating the oom2mit- 
iiK Ills, and com ying sb am fiom the hoilus to the engines, 
the jelunibmg ioi ca ^3 mg hot and edd Aiatei foi the conve- 
nience of the p^^sengcis, and all piping necessniy to supiily 
the much meiy with water inlets ind exhaust outlets 

7 Joine) y 11 01 1 — While the inpmg w going in and the 
hull IS b( mg slill fiiithii conifilited, the wood woik is intio- 
ihicod, and the cnijnntcia and joineis put in all equipment 
like stall cises, flooimg, doois, window casings, iiineling, 
and all otliei fittings specified by the contiact 

8 Hu mg — ^While the fittings aie being installed, elec- 
ti icians wire tlio vessel tliioughout 

9 Caidlving — At this stage all the seams aie made 
watei tight by having a tool go ovei and swell the edges of 
the steel plates firmly against the side of tlie piece to whirh 
they aie attached 

B Boiler Division 

1 Laying Out — The plates aie laid out on a floor and 
maiked foi the shaping opeiations necessaiy to make the 
boilei 

2 Punching — The jilatea are punched foi the rivets 

8 Flanging and Bending ■ — In oider to make a boilei- 
shell, the tw 0 headpieces must be turned ovei like the lid of 
a baking-powdei can, and slipped into a cylindiical piece of 
steel, thus making a complete cylindrical boilei aftei aU the 
parts have been riveted together The tuimng of the flange 
m an inch and a half steel, which is the thickness of some 
of tlie boilei shells, is a delicate and strength-iequiimg opera- 
tion The woik is done on a boiler-head flanging machine 
The steel is highly heated, firmly held between tlie two disks 
and then tlie edge is revolved against a roll In a very few 
minutes a complete bend or flange is turned over 

4 Fittt ng and Eivehng — ^The plates, which have pie- 
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vioiisly been punched, aie now put an place, the holes aie 
reaaned out, and the iivets insoited 

6 In&e) img Tiibas — ^In ordei to present a large heating 
surface to the water, the boileia are hlled with a great multi- 
tude of tubes through which the hot gases flow in their course 
fiom the file box to the stack 

C Caulhng — ^Here all the seams aie made steam-tight 
by a pioc(‘ss similai to the one used on the hull of the vessel 

7 Installing in Hull — ^The finished hoilei is now in- 
stelkd in tlie huU, the fiie boxes aie attached, and non-con- 
ducting inateiial is put aiound all exposed ladiating surfaces 
to economi7( heat 

C Motivt Power Division 

I Pattern Maonq — In the pattern shop the fliawings 
aie leceived and models of the castmgs aie made m wood so 
that the moldei can have a form to which he can build his 
mold to conatmot the casting The making of patterns is very 
exacting work, requiring highly skilled mechanics to lead 
the drawings and interpret them accurately As a result 
them IS comparatively little division of labor and no elab- 
orate equipment m the pattern shop 

n Foundry or Molding Department 

1 Mahmg the Mold — In the foundiy the conditions am 
much like those in the pattern shop, only here unskilled labor 
can be used to a much greater degree Moreover, the umts 
handled in the foundry are manifold heavier than those m 
the pattern shop, and there is very little assembling done in 
the foundry The process briefly consists of inserting the 
pattern in proper supports and then tightly ramming sand 
around it Aftei the sand is flxed in shape the pattern is 
withdrawn and the mold is smoothed off and coated with 
some siufacing material, which will prevent the sand from 
caving in when the molten iron is pouied into it 

2 Ooi e Mahing — If a casting is to be hoUow, the mold 
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must be filled in with some solid material, the size of the hole 
desired in the casting These fillers are technically known 
as coies, and the cores are made apart from the molds, dried 
in ovens, and then set into the molds after the pattern is 
withdrawn The coie is then anchored to prevent it from 
shifting when the metal is poured around it The mold is 
then assembled and bolted together ready for the next step 

8 Casting — After the mold is fixed the casting is made 
by pom mg tlie molten metal into openmgs reserved for its 
reception at various parts of the mold The filled mold is 
allowed to stand imtil tlie metal has solidified and cooled 

4 Cleaning Castings — After the metal has cooled, the 
mold 13 withdiawn fiom around the casting and the adhering 
portions of sand are chipped off by means of air hammeis in 
the hands of a rather rmskiUed class of workmen 

m Machine Shop — When the cleaned casting is re- 
ceived in the machine shop, it is slightly larger than the 
drawing calls for, and is covered with a scale which makes 
perfect joints impossible between the parts Hence the pieces 
of non must be cut, smoothed, and adjusted to each other 
until they make a perfect fit throughout the entire mechan- 
ism The steps in the process are 

1 Laying Out — ^Here the lough casting is picked up by 
a crane and carried to a large, smooth, level table where lines 
are accurately drawn, according to the diawiugs showing the 
exact amoimta that must be tiimmed off in order to make 
tight joints 

2 Planing oi Finishing Straight Sw faces — ^The cast- 
ings have their straight surfaces cut and smoothed on a series 
of tools known as planers, milling machines, shapers, and 
the like The usual practice is to smooth off one surface and 
use that as a basis for acemately cutting the other sides 
The large pieces are cut off on planers (see H, Fig 21) and 
large miUing machines Small pieces are handled on shapei s, 
small boring and miUmg machmes, millers, and others 
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8 Fimshing the Round Pieces — ^Two kinds of round 
suifaces may be cut, convex surfaces which are represented 
liy the foi-ms of shafts and othei similar pieces, and conca-ve 
surfaces as represented by the inside of cylinders and the 
like Shafts and such bodies are usually cut on machine 
tools, known as lathes The piece to be cut is dimly held 
between two centers, and is revolved toward the cutting tool 



The concave suifaces are usually treated on a boring mill, 
either verticle (see BM, Fig 21) or hoiizontal (Fig 16), 
aMiough much of this work may be done on lathes 

4 Finishing In egulai Pieces — The cutting of gear teeth, 
the putting in of keyways, the drilling of holes and the mak- 
ing of slots, the finishing of suifaces having compound curves, 
and any number of incidental operations which must be done 
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in the shop, are peifoimed on special machines designed foi 
such pui poses, as, foi instance, geai cutters, keyway cutters, 
dull piesses, eithei oidmaiy, ladial, multiple spindle or 
portable, slotteis, and otliei special machines 

6 Haling of Bolts, Huts, and Small Pai ts — Besides 
the main castings which must be finished off and fitted, there 
aie hundreds of bolts and nuts, small rods, oil cups, tubes, 
piping, washeis, keys, and other pieces of greater oi less size 
necessary aioimd the engine, in order to hold the pieces to- 
gether, orl them properly, and to provide for the taking up 
of wear and otlier incidental work necessary to make the 
engine run, and keep it in condition while it is running 
These things are made on special machines, tlie most impor- 
tant of which are the turret lathe, which is largely used to 
make nuts and bolts of large size, and an automatic sciew- 
inaking machine which makes bolts and screws from the 
straight lod of steel This latter machine does its work ab- 
solutely without the intervention of human labor after the 
bar of steel has been inserted 

6 Aftei All the Baits aie Machined, They Must he 
Gatheied Togethei on the AssemUing Flooi — When one 
realizes the thousands of pieces that go into a marine engine, 
when one knows that the weight of some of these parts is 
twenty tons or more, while the dimensions of others are less 
than that of a cent, one can appreciate the fact that ingenuity 
must be exercised in designing, building, and placing the 
tools so that the parts wiU make one direct line from the 
beginning to the end of their passage 

Machine-shop structure has long been a matter of grave 
consideration on the part of architects and engmeeis At the 
present time the gallery type is the approved one for a ma- 
chine-shop building In this design there are three mam 
divisions of the shop (See Figs 17 and 21 ) Sections A 
and G have two stories B is kept clear of a second floor to 
allow for the passage of one or more large cranes which handle 
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heavy caBtmgs In some plants two tracks aie made for the 
cianes, one (if which is supeiimjiosed above the othei, the 
mom povufiil ctane being put above and used only for ban 
dling the heaviest matciial in the shojJ The lower track 
may have seveial cranes of smaller capacity 

The small paits aie earned by means of elevators to the 
nppei floois of the sides A and C Here they aie put thiough 
the vaiious machines necessary to get them into the finished 
shape, and as each steji is peifoimed, they are moved for- 
ward in the direction of tlie erecting floor, so that by the 
time they are coniiileted, they are ready to be lowered to the 
assembling oi erecting floor 

The heavy paits aie laid out on laying-off tables and then 
given ovei to the planers, miUers, lathes, and other tools on 
the lower floor The machines also are ananged bo that every 
succeeding operation means bringing the large piece nearer 
to the assembling space 

The placing of the erecting floor in such relative position 
with regal d to the remamdei of the shop has several advan- 
tages 

1 It IS in one of the best lighted parts of the shop 

2 There aie no floors above to mterferewith the erection 
of the tallest kind of machinery 

8 It IS in a place where all paits of the floor are easily 
leached, so that one can get to any paib of the work under 
consti notion 

4 It IS undei the heaviest cianes, so that all parts can 
be readily handled 

5 It IS the converging point for aU mateiial that goes 
into the finished product 

b It IS accessible for shippmg purposes 

In connection with a machine shop it is always necessary 
to reserv e a considerable portion of space for tool and stoia 
rooms The machines and workmen are hourly in need of 
supplies and tools for their various jobs Good practice places 
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those divisions in a poifcion of the shop wheie the space taken 
will not hampei the continuity of the piocess, and yet will 
be most accessible to those opeiatives whose duties require 
the gioatest number of changes in tools 

111 the shipbuilding plant under consideration there are 
two erecting floois, one for large work and the other for small 
work The geneial course of the parts for both large and 
small engines is the same 

The eiane aiiangemcnt of the jilant is one worthy of care- 
ful considoiation If a small engine has been erected under 
space A, the heavy crane above this floor can pick up the 
entire engine and tiansfei it to the launchways without the 
necessity ot taking any of the engine apart (See Fig 17 ) 
If a big vessel is being built, the engines are erected on the 
large erecting floor, and when completed are separated into 
as huge divisions as can conveniently he handled by the 
ciane They aie then lifted to cais on the tracks TT^ and 
hauled to the launchways, where another crane lifts them 
from the cars and carries them to the vessels 

Fig 17 shows the aiiangemenfc of one of the most 
recently constructed shipyards in the United States It 
does not possess a foundry, but otherwise its equipment 
IS complete, and it is one of tlie best arranged plants in 
existence for inter-departmental communication An over- 
head crane with a capacity of 100 tons can run the entire 
length of the combined boiler and machine shops, with 
the more opening of the dooi between them In other le- 
spects, too, it is wen ananged If, at any time, it should be 
desiiable to add a foundry, it could be added to the right of 
the diagram as a continuation of the machine-shop building 
For convemence of working it is ideal AH divisions, even 
tbe shipyard, are under covei, so that mclement weather need 
never hinder constinction The arrowed lines show the gen 
eial course of work through the various departments to the 
launched ship The short railway connection across the shops 
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Enables the ship cianes to handle anything that comes out of 
Htber of the two shops, so that fiom the time the goods are 
teceived fiom the outside world until the launched vessel is 
teady to steam down the iiver there is one straight continu- 
ous line of woik with little if any retiacmg of steps 

The shipyard considered above is an example of an assem- 
bling industry The iilant, houovei, with its constiuction, 
excellent as it is, does not hwe many railway connections 
foi handling its output Elaborate railroad connections for 
such a pin pose aie unnecessary in shipbuilding, foi the iivei 
IS the a\Lnue by which the finished commodity is distrib- 
uted If a plant is handling a product to be distiibuted by 
land, its railroad connections should be superior to those 
shown aoove It is also true that if its pioduct is of such a 
natuie that it can be transported from department to depait- 
inent by means of laihoads instead of cianes, the former is 
perhaps piefeiable 

The tliiee preceding chapters have considered the kinds of 
industiies and the ideal methods ot adapting pilants to meet 
their needs The key to success in building a plant is to 
make it handle the work in the cheapest manner, and the 
cheapest manner is the one which will send the goods fiom 
the beginning to the end of the course with the least expen- 
dituie of time and labor The aichilect, however, is foolish 
indeed, if he does not recognise that there are conditions that 
may modify his ideal plans Every manufacturer appi eciatcs 
the fact that to erect the cheapest building possible he must 
spend large sums of money to provide for a contingency that 
may never occur This subject will be reserved for the next 
chapter 



CHAPTER X 

FIRE PRECAUTION, AND ITS EFFECT ON LAYOUT 
AND STRUCTURE 

A WEI L-DE SIGNED establishment may deviate widely from 
the plans just considcicd, and ytt be the best possible one 
that can be constiucted to suit existing conditions, a fact 
amply lUustiated by plants known the woild over for then 
economy in pioduction Apparently these plants violate 
neaily eveiy lecognwcd principle that has been laid down for 
the industries of their class The Standard Oil Company, 
foi instance, has lefineries erected at vaiious points through- 
out the countiy, and their airangement individually mani- 
fests a most scattered and gioimd-wasting design 

From the industrial and chemical standpoints, oil refin- 
ing is a continuous analytical industry having to do with the 
handling of liquids In many respects it is similar to sugar 
lefining The crude oil is received and heated, and from it 
aie first driven off gas and the light oils The residue is 
passed on to other stills and subjected to further heating and 
condensing operations imtil the crude petroleum eventually 
becomes gas, bemiines, light, volatile lUummatmg oil known 
as “water white,” a heavier giade called “standard white,” 
another giade designated as “straw white,” machinery or 
lubricating oil, paiaffine oils, petiolatum, or vaseline, cylin- 
der oil, refined paiafiine, and coke Theie are, of course, 
other products from the refineiies made by further sepaiation 
and treatment of the native petroleum, but they are all ob- 
tained by the same means — successive distillation, filter 
pressing, oi sweating the crude oil and its derivatives The 
185 
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ideal stinctme for aa oil plant may appear to be one with 
the lines of a sugar refinery, a high building situated near 
waterways and lailroad facilities Why, then, do engineers 
of the oil-iefining business so waste space and power? Be- 
cause oil IS so inflammable that it must be kept as far fiom 
flames as possible One cannot be too careful, for in every 
plant theie are occasional outbreaks of fire in some portions 
So gieat is the fire danger in connection with oil refining that 
msmance companies cannot afford to assume the risk Fire 
seems bound to bieak out somewhere m the establishment in 
the course of time, and if the departments are not isolated, 
an entire plant, worth millions of doUais, may become a heap 
of scrap metal and lubbish On account of the great danger, 
an oil lefinerj must be situated in some lemote section apait 
from other valuable property It must have a laige area, its 
buildings must be widely separated, and every precaution 
taken against fire loss Fig 18 gives some idea of the scat- 
tered way in which the divisions of the distilling depart- 
ments aie situated, and shows, also, the way in which 
buildings are separated 

A gas-niakmg establishment affords another illustration 
of a plant which can piotect itself tiom hie only by building 
on laige stretches of gioimd and m lemote quarters Gas is 
a piodiict moie mflammahle than oil, but Ihe law material 
is not so susceptible to ignition Let a file once occiii in a 
gas plant and the lesults may be calamitous If a gas-holder 
leaks and aii creeps into the tank, a rise m temperature or a 
carelessly stiuck match will give a vivid flash and a terufie 
explosion The proof of a fire is not a mass of flame, but a 
lot of bent plates and twisted beams of non 

For ordinary kinds of manufactuiing the causes of fiie 
may be divided into the common and the special hazards 
The common hazards mclude those fires which may occur in 
anv kind of a building, whether it he a department store or 
a machine shop, a slaughtermg establishment, or a cotton 
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mill The special hazards include the fires which grow out 
of some risk peculiar to a plant of any particular type 

A good classification of the common and special hazards 
IS found below, copied from an article by Hemy A Fiske, 
entitled “Causes of Fire ” 

‘ The Common Hazards may be divided into the following gen 
eral classes and sub classes 
Lighting 

Electric (Arc) 

‘ (Incandescent) 

Gas (City or Town) 

Gasolene Gas 
Acetylene Gas 
Kerosene Oil Lamps 
‘ ‘ Lanterns 

“ “ Torches 

Candles 
Heating 
Steam 
Hot Air 
Stove Coal 
“ Gasolene 
‘ Oil 

Power 

Shafting and Bearings 
Steam Engines 
Gas Engines 
Gasolene Engines 
Electric Motors 
Boiler (or Fuel) 

Fuel, Coal 

" Waste Material or Refuse. 

Overheated Woodwork 
Sparks from Stack 
Defective Chimney 
Ashes 

Rubbish (or Sweepings) 

Oily Material 
Oily Waste 
Othei Oily Material 
Smoking 
Lightning 

Sparks from Locomotives 
Miscellaneous 
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The Special Hazards will vary according to the class of nsk, 
but may be divided into the following general divisions 

1 Storage and Handling of Raw Stock 

2 Preparing Raw Stock 

8 Making, or General Manufacture 

4 Finishing 

6 Waste Material 

While some classes of manufacturing risks will have only one 
or two of the above groups others will include all of the divisions 

Besides the two general classes of causes i e Common and 
Special Hazards, may be noted the Exposure and Incendiary fires 
which hardly admit of any general classification and are not in- 
cluded in these tables ” ^ 

The relative impoi-tance of these classes in causing files 
may be judged from this table 
AVERAGE PERCENTAGES BY GROUPS AND INDIVIDUAL HAZARDS, 
ALL THE CLASSES COMBINED = 


Common Hazards 
Group I 


Light 

Heat 

Power 

Boiler and fuel 


7 

12 


Common Hazaids 
Group II 


Total 

Rubbish and sweepings 

Oily material 

Smoking 

Lightning 

Locomotive sparks 

Miscellaneous 


27 

4 

3 

2 

2 

3 

3 


Special Hazards 


Total 

I Storage raw stock 
II Preparing 

III Making 

IV Finishing 

V Waste materials 


17 

6 

8 

26 

7 

10 


Total 


67 


^Insurance Engmeermg, “Causes of Fire by Henry A Fiske, 
July, 1907, Vol XIV, pp 6-7 

^ Ibid , pp 18, 14 , the percentages are evidently not quite exact, 
as the total amounts to 101, J C D 
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The mam causes of fiie aie bad housekeeping and caie- 
Vfesness Twenty pei cent of all files can be traced to the 
fact that the owneis of plants permitted the acciimulation 
of dirt, oily waste, and other easily infiammable material 
From the above table no less than 7 pei cent of the common 
hazard outbreaks are due directly to mbbish and sweepings 
and oily waste, while among the special hazards 10 per cent 
are the result of the improper disposition of waste materials 

Fires due to the lighting apparatus aie to a very great 
extent caused by carelessness On the whole, incandescent 
bulbs are safer than arc lamps , and, if the wiring and hghts 
are properly installed, electric illumination is, from the in- 
surance point of view, prefeiable to any othei kind An 
electiic file is almost invariably due to faulty installation, 
lack of caie in maintenance, or the caieless use of the electric 
lamp 

Power files aie commonly caused by poorly hung shaft- 
ings, by shaftings not being piopeily watched, by hot bear- 
ings, and loose pulleys Belt boles running between the 
main floois of a building aie veiy dangeious risks, because 
the fuction of the belt is apt to start a file, and the holes 
between the floois aie ideal means to piomote its spread 

Boilci and fuel flies can be almost completely eliminated 
by taking care to detach the boiler-room fiom the mam 
building and to construct it of non-inflammable material 
throughout 

Among the special hazaids the table shows that about 26 
per cent of the fires have been caused in the making or actual 
manufacturing piocess Few fires aie the result of one cause, 
and usually the special hazaid of a business acts in combinar 
tion with some common oversight For example, m a cotton 
mill the pimcipal hazaids aie m the openeis or scutcheis, 
where foreign material, coming m contact with the steel teeth, 
causes sparks which ignite loose cotton Place the scutchel 
on a clean floor and the fire will have little chance to spread 
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before it is quenclied In the card'rooms the air is perme 
ated with fine cotton, and the fioois are apt to gather accu- 
mulations within a very shoit time If heie an electric short 
ciiciut takes place, oi there is a badly installed electric light, 
a fire is almost inevitable 

PlouT-mill lecoids show the following Fires due to spon- 
taneous combustion of stock and dust explosions, 12 per 
cent, conveyeis 4 per cent, grinding 8 per cent cleaning ma- 
chines 4 pel cent, and special miscellaneous hazards 1 per 
cent Contrasted with that, 71 pei cent of the fires are due 
to common causes '■ 

In foundiies special hazards total 82 per cent, in which 
the cupola causes 86 per cent, the melting furnaces 18 per 
cent, core ovens 9 pei cent, molding and casting 12 pex cent, 
miscellaneous special hazards 12 per cent, and the ordinary 
causes make up but 18 per cent * 

Shoe factories have 19 per cent of their fires caused in 
cementing, 6 iier cent in bottoming, 8 per cent in waxing 
heels, 6 per cent in naphtha and naphtha blacking, 4 per cent 
in the waste chute, with 11 per cent due to miscellaneous 
accidents, and 61 per cent due to common causes ® 

Although on many occasions fire would not occur were 
carelessness not evident, the object of the builder of a factory 
is to constmet his plant in such a way that an occasional 
oversight wiU not result in the destruction of his property 
At the present time there are two types of factory construc- 
tion which succeed in limiting combustion — slow burmng, 
and file proof 

The slow-burning lype leceived its highest development 
m New England among the textile factories, where it is 


1 “Handbook of Fire Protection," by Everett W Crosby and 
Henry A Piske, Fourth Edition, p 114. 
nbid 

•Ibid.p 121 
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, generally known as miU construction Mill constinietion is 
less costly than fiieproof woik, and when combined with the 
automatic sprinklei system, with reasonable caie it makes a 
safe building The piinciples of mill constiuction involve 
ten ideas 

1 There shall be no openings between floors, either to 
admit belts, stairways, elevator shafts, or for any purpose 
whatsoever 

2 There must be no concealed places in floors or walls 
which wiU permit of the hidden develoj)ment of a fire This 
necessitates the using of very heavy floor timbeis, spaced 
from eight to twelve feet apart, and the floors must be con- 
structed of three to four inch planks with single oi double- 
top boarding Thus all the joists aio exposed and leadily 
accessible to hose oi spunkier water 

3 The floors must not only be free from large openmgs, 
but they must be as nearly an and water tight as possible 
This demands, besides the use of the heavy timber mentioned 
above, that the lumber must be well seasoned and laid down 
in a skilful mannei 

4 The outside walls of the building should be so built of 
brick or concrete that there is no danger of fiie bieakmg 
through, and division walls are to be earned at least three 
feet above the roof to prevent flames from leaping over It 
IS also desirable to have these walls winged on either side of 
the building to prevent a possible fire from leapmg around 
the edges 

5 If there must be opemngs in walls between depart- 
ments, they aie to be protected with heavy fire doors oi wne- 
glass windows, oi fireproof shutters on the windows These 
aie designed to confine a fire to its place of origin 

6 The elevator shafts, stairways, and necessary passage- 
ways between the floors must be entirely enclosed in solid 
brick walls on all sides opening into the plant The only 
exception to this is in the belt tower, where sufficient space 
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imx‘3t be allowed in the wall to peimit tbe shaft or belting to 
go through The belting, howevei, does not pass from one 
floor to the othei Even in the belt tower theie is no direct 
communication b( tween floms 

7 The power house of the plant must be apart from the 
mam building and not over one stoiy m height The height 
of the fabricating building must not exceed five stones, oi 
sixty-five feet above the ground level 

8 Stacks, flues, and chimneys must be of brick or some 
appioved fiieproof mateiial 

9 The loof must be flat and smooth, with ]ust sufficient 
pitch to piovide for proper drainage, and must be covered 
with metal, gravel, or appioved composition Cornices 
should be composed of incombustible mateiial 

10 The building should be divided up into fiie sections, 
each one not exceeding 6,000 square feet, unless adequately 
equipped with spiiukleis 

Fig 19 shows a sketch of the general protective schemes 
used in a slow-bmmng building 

Mill constiuction, while often effective, has, partly 
thiough lack of care and partly thiough the expensiveness of 
lumber, fallen into disfavoi, and is beginning to yield place 
to fireproof constiuction In the fiiepioof building, all the 
precautions taken in mill construction aie employed, but in 
stead of using timber in any part, it must use either brick, 
tena cotta, conciete, steel, non, oi some otbei fiie-iesistmg 
material, and, moreover, aU steel, iron, or other metallic 
mateiial which is likely to bend or weaken in the piesence 
of heat, must be adequately covered with non-conducting 
fiieproof mateiial, which will not permit these snxiports to 
bend oi ciumble in the presence of fiie The doois and win- 
dows of the fiieproof building must be made of other than 
combustible mateiial Everything should be nnbumable, 
and at the same time the structure should be so made that 
there will he no spaces or cavities to permit of the accmnula 
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fcion of mateiial away fioni easy view No section, howevei 
binall, Blionlfl be bmlt in such, a way that water or any othei 



Pig 19 —Elevation and Plan of SIow-Burmng Construction 

extinguishing material cannot he quickly and acciiiately ap- 
plied 
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For a mimbei of years tliere has been much discussion of 
the question of tbe best building mateiial foi factoiy pur- 
poses At one time, buck-mill constiuction was considered 
by far tbe most acceptable Theie seems to be a tendency, 
however, within lecent yeais, to employ loinfoiced concrete 
to a great degree, as it is pioving to have very satisfactory 
fireproof qualities, and is cheaper than structural steel prop 
erly reinfoiced and coveied with insulation The Turner 
Constniction Company states of some structures it recently 
erected ‘ ‘ The cost of these buildings, according to estimates, 
made by the Bush Terminal Company, based upon authoii- 
tative siburces, was something over 10 per cent less than what 
the same stiuctuie would hare cost in fiist-class stiuctural 
steel The cost as comiiaied to mill construction was foimd 
to be in excess of not ovei 6 pei cent ” The Robert Gan 
Company, a large paper goods concern, has two buildings 
which contrast the value of the older style of protection with 
the fireproof design Across the street fmm the new build- 
ing, elected by tbe Turner Construction, Company, aie two 
slow-burning, mill-construction buildmgs of large size “Un- 
der the same conditions of ownership, occupancy, usage, 
sprinklers, installations, contents and exposure hazards, tho 
rates on the miU-constmcted buildings are 21 4 cents on the 
building and 65 6 on the contents On the leinfoiced con- 
crete building 12 2 cents on the building and 29 0 cents on 
the contents Furthermore, the ofllcials of the Gair Com- 
pany are the authorily for the statement that the building 
saves them probably $6,000 a year in eliminating vermin 
loss ” With regard to the cost of construction, the miU 
buildings have about a 6 per cent difference in their favoi, 
while the concrete cost 20 per cent less than structural steel 
properly guarded 

The photograph (Fig 20) shows an mterestmg fixe test 
which well contrasts the lastmg powers of the two lypes 
of budding m case of fire The fire started on the fourth 
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flooi of the leinfoiced conciete bmldmg, and burnt itself out 
without siireading to any of tho othei floors above or below 
It did, howpvei, bieak thiough a wall opening into the build- 
ing next door and completely burned out the two uppei flooi s 
and luined the entire contents of the structure According 
to the Trassed Conciete Steel Company, “special attention is 
called to the fact that in the Kahn System Building the 
B]iiinkler system was not completed, and was, theiefoie, not 
woiking, wheieas in the mill-constructed building the spunk 
lei system was in good condition Had the fire doois 

been in iilace between the old and new structuies, the fire 
would undoubtedly have binned itself out without getting 
into the mill constructed building ” 

For some time, conciete buildings weie regarded with 
disfavoi by insuiance men because of then liability to col- 
lapse while in course of erection Insui ance Engmeei mg 
lepoits a number of such disasteis, but mvestigation has 
proved that the fault has been due to poor workmanship and 
inferior design lathei than to any inherent weakness in the 
properly reinfoiced material Until concrete, reinforced or 
not, has completely hardened or set, it must be supported in 
casings because of its moie oi less fluid condition If care- 
less inspectors and unscnipulous contractors neglect this 
necessaiy piccaution, there is giai e danger that their penny 
wisdom may cause the death of some workers and be the 
means of their own financial rum 

Aside from the mateiial which makes up the body of the 
building, marufactuiers and others seek supplementary fire 
protectors The automatic sprinkler system is the most effec- 
tive protector Foi twelve yeais, the National Fiie Protective 
Association has a record of 6,064 fires in spiinkled risks 
wheie the heat was suihciont to operate the sprinldeis Sixty- 
seven per cent, or 4,039, of these files were piactically oi en- 
tirely extmguished by tho spimklcis Tw enly-seven per cent, 
or 1,647, were held m check so that additional help put them 
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out at a Email lobS Only 6 pci cent, or 878, of the flies woie 
uncontiolled by the spiinkloi system A caieful study was 
made of the unsuccessful systems, and the following tabl« 
shows the causes ‘ 

Kumber Per Cent, 


Defective or partial equipment 87 23 

Failure due to water being shut off 87 23 

Hazard too severe for control 38 10 

Faulty building construction and obstruction 35 9 

Exposure or conflagration 29 8 

Inadequate or light water supply 21 6 

Water supplies crippled by explosion 12 3 

Defective diy valve or dry system 10 3 

Water supplies crippled by freezing 9 2 

Unsatisfactory action of high test heads 7 2 

Unaccounted for and miscellaneous 43 11 

378 100 


The automatic spiinlder consists of a senes of pipes ai- 
langed in a systematic manner under the ceilings of the 
looms with valves placed at regular mteivals which aie closed 
with some easily fusible metal In case of a liie the tempeia- 
tuie of the loom will soon rise to the point where the metal 
melts, opening the valve and causing it to throw out a spray 
of water 

In ordei to have an effective spunkier iirotection, the fol- 
lowing conditions should operate together 

1 The building should be so constracted and the spiink- 
lers so distiibuted that theiewil be no parts either concealed 
or otherwise out of range of the quenching stream 

2 There must be a constant supply of water great in 
volume and sufficiently high, in piessure to make it always 
possible to guarantee that the water will leach its designed 
range at any time 

8 The pipes must have adequate diameter to permit of 


* “Handbook of Fire Protection,” by Crosby-Piske, p 230 
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tlie passage of enough watei to the valves, and the valves 
must be fieely acting at aU times 

4 Caie must be taken that the watei dees not freeze in 
llif pipes, and that acid fumes oi chemicals do not affect the 
IV oik mg of the valves If eithei one of these things opeiate, 
till most expensive and elaboiate system may prove utfeily 

VVOltllllBS 

1 h( C'losby-Fisko Handbook contains duigiains of a lumi- 
bci of difctiibuting sihtims showing both tlic appioved and 
unappioved nsthodof aiianguig the pipes No less than 
125 spiinklei valves aie also pictuiod, and of that niimbei 
only seven aie ajipioved by the Fiie Undeiwiiters’ Associa- 
tion of the United States 

To piovidc for cases wheiein the nature of the iisk makes 
it impossible to pievent water from freezing in the danger 
/one, thoie has been devised the dry spunkier system In 
the diy spunkier system air is piimiied into the pipes in ol- 
der to back the watei into a non-freezing zone In the pres- 
ence of excessive heat the sealing metal on the valves will 
molt as m the ordinary system In a few moments the an 
will escape through the resulting openings in the spraying 
dc'vices followed by a stream of water 

In Older to keep up the pressure in the sprinkler sjstem 
two scheinos can he used, the giavity tank and the piessuie 
tank The giavity tank is the older of the two ideas, and is 
ample for aU ordinary cases Such a tank, accoidmg to tiro 
iindenviiteis’ specihcations, must have a capacily of at least 
5,000 gallons Ten thousand gallons is urged, and tanks with 
capacities of over one htmdied thousand gallons are not un- 
common The minimum height lequiiement for the tank is 
not Ip&s than 25 feet above the highest spiinklei in the estab- 
lishment There are two methods of erecting the tank In 
establishments which aie aU enclobcd within the same set of 
walls, and in places where the groimd is limited, a common 
scheme is to perch it on top of the mam buildmg itself 
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This place 18 objectionable because it tends to weaken the 
building Insurance rompanies aie opposed to having build- 
ings topped with much weight, unless extra precautions aie 
taken to strengthen the bolding walls A latei and moie 
appioved plan is to have special stiiictural woik provided foi 
the gia\ity tanks AVheie there aie a number of buildings, 
01 extensive grounds, a special towei is frequently constracted 
foi tire vessel 

The pressure tank is an automatic device consisting iibii- 
ally of a cylindrical tank jilaced hoii/iontally and located in 
the upper stones of the budding Its cajiacity \aiies from 
4,500 to 9,000 gallons of water oi more, and it is kept two 
thirds full of water The othei thud consists of air under 
pressure, always over 76 pounds to the square inch, and fre- 
quently reaching 150 and more Connected with the pressure 
tank are two pumps, one for air and the other for water, so, 
whenever the pressure drops down oi the water begins to flow 
out, the replenishing of both air and liquid can readily take 
place 

Many establishments do not have sprinkler systems, but 
nearly all do take the precaution to install fire hose To 
make a hose sjstem efficient there must be a constant supplj 
of water under considerable pressure This is usually main 
tamed by either a gravity oi pressure tank, as described 
above There must also be installed a piping system, to 
which are fitted frequent outlets for hose connection Good 
practice demands that the outlets shall be between 100 and 
200 feet apart, and that the length of the hose shall be fiom 
60 to 100 feet, neatly folded on swinging racks The effec- 
tiveness of hose protection depends upon two things, a con- 
stant supply of water under pressuic at the hose coupling and 
people with presence of mind aroimd to use it when occasion 
arises 

Aside from the sprinkler system and the hose, there aie 
two types of hand protection, chemical nre extinguishers, 
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and thp fiie pail Theie me eeveial types of chemical fire 
exfcingiiialieis, namely, the liquid hand extinguishei enclosed 
in thipp-gallon upset tanks, the chemical tank on wheels, 
built usually in 40 to 60 gallon sizes, stationary chemical 
tanks, and dry poiydei extinguishers The most effective 
chemical extinguisher is the small upset tank combination 
It plays a ]et of extinguishing fluid some forty feet for nearly 
one miniito The extinguishing material usually contains 
carbonic- icid gas and sulphate of soda in solution Whi n it 
eomes in contact with the burning mass, soda salts are de- 
posited foiming a coat of mateiial which tends to exclude air 
and letaid combustion While in operation a considerable 
pipssuie IS geneiated in the extinguishei At ordinary tem- 
pcratiue a piessme of 125 pounds accumulates within the 
tank, and if foi any cause whatever the nozzle becomes closed, 
200 pounds and oi ei may be leached One can see how a 
cheap extinguishei may he a veiy dangerous instrument m 
the hands of an opoiatoi, because any concealed weakness 
makes it liable to explosion The chemical tanks have not 
as jet been thoioughly appioved by the fiie undeiwriteis, 
while the dry-poudei extinguishei s, accoidmg to the Ciosby- 
Fiske handliook, have been the subject of the following cir- 
ciilai of the National Fne Protective Association “In view 
of the fact that seveial so called fiie extinguishei s, consisting 
generally of sheet-metal tubes fiUed with mixtuies of bicai- 
bonate of soda and other materials in powdered foim, have 
been widely advertised as suitable for use for fire extinguish- 
ing puiposps, this committee has to report that in its opinion 
aU forms of dry-powder fire extinguishers aie mfeiior foi 
geneial use, that attempts to extinguish fires with them may 
cause delay in the use of water and other approved ex- 
tinguishing agents, and therefoie then mtroduotion should 
not be encouiaged 


* “Handbook of Fire Protection,” by Croaby-Piske, pp IRS, 186 
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No matter how wtU protected a plant is, it should always 
be so equipped that human beings can he informed at once 
when a fire is staiting Even if we hwc an automatic ex- 
tinguishei, theie should be some quick means of giving an 
alaini In one case a sprinkler system opeiated so effec- 
tively that it flooded an entno building, destioymg fai more 
goods than the fire itself It is also advisable to have a 
sprinklei alarm in Older to notify people that a fire is in 
progress, because it is by no means impossible for a fire to 
get utterly beyond control of the spiinldei system within a 
very brief period of time The sooner hmnan aid is attracted, 
the better it is foi all concerned, because othei means can be 
taken to quench the fire, and after it is extinguished, all un- 
necessary water damage can be pievcntcd by turning off the 
watei It IS advisable to have a spnnldei alarm for another 
reason Sometimes the sprinkleis accidentally break or leak, 
causing water to flow when thcie is no fiie at aU 

Wheie theie is no sprinUei system, automatic liie alaims 
aie especially desirable There are many kinds of such de- 
vices on the maiket One common scheme of fiie signalling 
is to place thermostats flora ten to tivolve feet apart at all 
portions of a iisk Fire alanns aie used foi aU kinds of 
piiiposes Some are imt on the jouimls of shaftings to 
notify the engmeei of a heated bearing, othei s aie installed 
m coal bimkeis which aie liable to catch file thiough spon- 
taneous combustion The general piincqile of tlie alarm is 
to have an electrical circuit, which is susceptible of being 
closed by the expansion of two pieces of metal in the piesence 
of heat To he effective they must work at aU times of dan- 
ger, and to keep them in working condition they have to be 
subjected to periodic inspection 

In large risks, it is not advisable to depend exclusively 
upon automatic signaling devices Supplemental piotection 
10 afforded by human watchmen who, from the standpoint of 
efficiency, may prove of doubtful value. In one plant an old 
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einployee wts given such a place IIis conception of the 
duties of the position was to stioll aiound the building Sev 
r ral times dm mg the eaily c\ ening By ten or eleven o’clock 
he felt assmed that no self-iespeeting fiie woidd intrade any 
latei, so, aiianging foi liimself a comfoitable couch he sjient 
the u mauling watching houis in sleep IIis case vas not an 
uncommon one, and insiuance companies hnd that there is 
onlv one means of nuking watchmen service inistwoithj, 
and that is to install time-iecoiding devices at all poitions 
of a iisk whole inspection should be made The fiist time- 
recoiding clocks instalkd, ncie put in for the purpose of 
keeping accurate tab on the iiie watchman If a watchman 
is efhcient and conscientious, he is one of the best fiie pro 
tcctivo devices known, but unless he is, his utility is uncei- 
tain 

The file watchman usually i isits both the inside and the 
outside of the risk, and makes a connecting link between the 
inside and outside fiie piotection Outside fiie piotcction 
may consist of automatic sprinkleis located over vmdovs oi 
othpi openings It may be a device which will send a cui- 
tain of watei over an exiiosctl wall In geneial, however, the 
outside protection consists in placing water mains and file 
plugs or hydiants in such places that they will adequately 
cover the entiie iisk Good hose should be kept in the 
vicinity of all fire hydiants, enclosed in such a way that it 
will bo safe fioin tbe weather and yet ke quickly available in 
case of need The watchman should be quick and inteUi 
gent' He should, on discoveiing a fiie, innnediately turn in 
the alami and then try to extinguish the flame The efh 
ciency of the outside fiie piotection, aside fiom the automatic 
devices, depends upon thiee things the water supply, tin 
t ffectiveness of the watchman and firemen, and the efficiency 
cf the hose 

Great caie must be taken of file hose, because cheap hose 
i 3 likely to break at the most critical moment, and is never 
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dependable Fire imdei-writers and insuiance companies in 
Biiect the various makes of hose on the maiket On good 
tiled material they set then stamp of appioval, so that no 
one need unwittingly nse defective mateiial The proper 
way to keep the hose is to place it in houses installed within 
the vicinity of the hydrants or fire plugs Heie also file im- 
derwTiters make it easy for one to use the best plans because 
they have drawn up caieful specifications for hose houses 
Many plants haie uoll-diilled file companies oiganized 
fiom among their employees These bodies aie encouraged 
by all undei’wnters Some insuiance companies insist upon 
fiequent unannounced dulls, because no mattei how good 
and efficient the appliances aie, they may prove utteily 
worthless in the hands of a nervous or incompetent ciew 
Piotection to piopeity is important, but safety to life is 
vital File escapes aie installed foi the j)urposp of piovid 
ing siiie exits to the employees in case a jilant becomes ig 
nited Two typos of devices are common, the exterior and 
inteiioi enclosed fiie escapes The foimer is an iron staiiwaj 
attached to the outside walls of the building, so arianged that 
easy and safe exit can be made thiough the windows and 
doois of every floor The lattei is a completely enclosed 
shaft ninning the entire height of tho building (See Fig 
19, FE ) In this shaft aie placed the stairways, and fie- 
quentlythe passenger ele\atoi, if the plant possesses one 
Connection is made to each flooi by means of an non plat- 
fuim extending from a dooi on the outside wall of the shaft 
to another door some distance an ay, uhich opens into the 
floor of the building In this way theie is no direct connec 
tion between the enclosed shaft and the building, yet there 
IS easy communication to the street from all parts of the 
structure 



CHAPTER XI 

THE BUILDING AND THE WORKERS 

Man is like other animals — host lesnlts reqiuie pleasant, 
healthful sunoimdings If compelled to woik m a daik, 
cold, or lepelling enviromnent, his output wiU suffer The 
comfoits within tho building and a spirit of hearty coopera- 
tion among all the depaitments influence the physical state 
and mental attitude of the employees 

Comforts can be inovided when the building is being 
erected by pioviding foi five thmgs 

1 Abmidant light 

2 Sufiicient heat 

8 Good ventilation 

4 Adequate space foi woikers 

5 Convenient toilet and wash rooms 

1 Abundant Liwit — Theie aie many operations in al- 
most oveiy line of manufacturing, for which abundant light 
IS an imperative necessity Without it the woikmen aie 
hampered in then activity and can pioduce neither good 
work nor a laige quantity If a plant must be erected on a 
site which will enclose parts of the bmldmg in more or les« 
dark corneis, the manageis should so aiiange their machinery 
that those which lequne the gieatei light wall be in the moie 
desirable sections 

Before the time of the steel frame, factoiy biiildmgs had 
to be made with a comparatively small amount of window 
space in oidei to give proper strength to the stractuie , and 
the higher the budding, the more massive had to be the 
masoniy for the lower stones Steel stiuctuial work overlaid 
with buck made possible better natuial lighting A brick, 
163 
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steel flame factory Imilding can allow as much as 60 pei cent 
n mdow space without endangering the stiength of the struc- 
ture Still moie recently, lemfoiced concrete has been used 
quite extensively, and with increasing favor , because it is if 
anything cheaper than the steel structuie, and likewise per- 
mits of quite as much v mdow space (See Fig 20 ) 

The old st\le machine shops, like factory buildings, were 
veiy deficient in window space compared with then modern 
piototypes, but sonietinics stupidity w ill do much to make 
a pooily constructed plant even worse In a shop that was 
not by any means ideally lighted, the management decided 
that they needed some moie storage room for iron plates and 
other heavy mateiials They ajipealed to the city councils 
to have the street closed, which sep iiated two of their de- 
partments W’’hen that measiue was put through they erected 
a shed against the wall of the machine shop covering nearly 
all of the windows of one side of the building It is true 
that the shed was oiien on the sheet side, but its long slant- 
ing loof covered the windows, and darkened the machine 
shop 

The two methods of lighting a structure are by windows 
from the side oi from the lOof Eoof lighting has been used 
for many years Fig 21 illustrates a skylighted room The 
objection to skylights is that shops thus lighted may be ex- 
ceedingly warm on account of the diiect rays of the sun If 
the ceilings are high, however, the diacomfoit is loss, al- 
though high ceilmgs will not obviate the impleasant results 
of the direct lays of the sun completely 

A great many architects have adopted the scheme of light- 
ing then buildings from the top by means of the saw-tooth 
loof The saw-tooth light openings are usually faced to the 
north In this way the light is admitted, but the direct rays 
of the sun aie excluded foi the greater portion of the day 
The saw-tooth window is not strictly a skylight, but it has 
»11 the advantages of the skylight without its disadvantages 
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Light should be pro\ided foi the plant by da}”-, by night, 
and foi such times of the day as outside light is inadequate 
foi the uork in hand A great many methods of artificial 
lighting aiG advcitiscd The lour common foims of elcctiio 
lighting are the flaming aic light, the inercuiy lamp, the 
common incandescent bulb, and the ordinary electiic arc 
Tlie flaming and mercuiy lamps give veiy good satisfaction, 
and arc less expensive to maintain than the common mean' 
descent and aic forms T1 ey aie, however, moie expensive 
to install 

The aitiflcial light m anj plant should be so ai ranged 
that the voikei will not be annoyed by any flickeiing oi un- 
evenness oi the light nor disturbed by the casting of shadows 
Tno great objections to the arc light aie its shadows and its 
flickniing The incandescent lamp gives a steady light, but 
it casts shadows, and in many cases is not poweifiil enough 
to give thorough satisfaction The ideal light is one which 
most neaily appro iches daj light in its intensity and diffuses 
the nn s i V enly dining its entuo time of iiinnmg The flam- 
ing are light and the nii leury light appioach these ideals, 
and in gei nil make a siiperioi means of illumination 

2 SuFBiciENT Hl\t — The heating of buildings has 
tested the ingenuiiy of engineers and owneis foi many years 
It dfjiends of couise "voiy largely ujion the type of manufac- 
turing that goes on within the building, to what extent the 
various departments shall be heated A foundry or black- 
smith shop can get along with considerably less heat than a 
machine shop or textile mill In any case, however, it is a 
shoit-sighted policy for the management of a plant to giye 
its V oikers insnihcicnt heat The amount of money expended 
in heating a plant dining cold weather is more than paid for 
by the increased capacity of the workers 

Several means of heating a plant may be installed 

(1) Hot An ftom Fwnacos Dii ect — This method is 
little employed and is very expensive on account of its great 



166 THE PRINCIPLES OF INDUSTRIAL MANAGEMENT 


wasting of fuel, and is unsatisfactory because it is baid to 
distiibuto the heat The uriter knous of one instance uhero 
a plant was heated in this way with laige furnaces Duiing 
cold weathei it was almost impossible to get all of the looms 
comfortably warm dm mg the entire day The workers m 
the pooily heated sections would sit with chilled hands fay- 
ing to perfoiin then tasks, but their best efforts were ineffec- 
tive, and dining and after cold spells the operatives would 
frequently be detained at home to muse colds and other 
maladies resulting from then exjposure 

(2) Hot Water — Hot-water systems of heating aie eco- 
nomical in small plants They have objections in that they 
do not aid ventilation, and if the system is cooled down over- 
night, or for any iieiiod of tune, it lequiies a gieat amount 
of heat and a considerable length of time to get the system 
working to its full efficiency 

(8) Steam Heating — The most economical and generally 
used system of heating m plants and workshops is ix) utilize 
the exhaust steam from the engine, supplemented by live 
steam from the boiler, whenever necessary Steam heat has 
the advantage of being easy to apply at any point by the meie 
insertion of a coil of pipe The objection to it is that it does 
not actively aid ventilation, but under the best of condi- 
tions special means must be taken to piopeily ventilate a 
building which has a large number of occupants Steam 
heating is much more quick in its action than any other sj s 
tem, and is easily handled 

Aside from the question of expense the ideal system of 
Ueating is one uhich works hand m hand with the ventilat- 
ing system Piojieily handled, the combination of the steam 
and hot air systems succeeds in doing this A scheme that 
is used m clubhouses, hospitals, and other institutions of a 
similar public charactei, is to have an anangement something 
like the one shown in Fig 22 The steam pipes aie placed 
m front of the air port The cool air fiom the outside enters 
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the port, passes thioiigh the filter scieen, between the steam 
pipes, and fioin thence to tlie looms 

In ceitiim plants, like textile establishments, it is neces- 
sary to ha\o a consiclciablo peicentage of moistme in the air 
in oidei to get the best lesiilts in norking the fibei To do 
this humiditieis may be iilaccd at the spray chamber, where 
water is sprayed through the an, giving it any degice of 
moisture lequired, and then the moist an is passed to the 
heating coils Tins scheme heats the room with hot an by 
means of steam pipes The an is conducted to the looms by 
flues can fully co\eied to prevent the radiation of heat until 
it leaches the room Tins scheme gives, when piopeily run, 
an ideal system It is, houever, expensive to install and to 
maintain, but once in operation, it provides not only for 
heating but also foi an cneulation 

A cheaper means of keeping the rooms moist in textile 
plants IS to use the humidifieis directly The humidifier is 
a spraying arrangement located at various parts of the looms, 
which sends forth a fine, atomized spiay of water oi steam to 
the degree required by the conditions of the process 

8 Ventilation — A well ventilated room should be free 
from bad an, and flying particles of duet A number of 
devices may be used, the most common of which is to open 
the windows at the top and bottom at various places through- 
out the miU 01 factory This scheme is imsatisfactoiy, the 
change of air is too slow If ordinary conditions of warmth 
are to be maintained during cold weathei, certain portions 
of the loom get too much an, others not enough, and drafts 
are liable to give the workers colds 

Proper ventilation in grinding rooms and in special places 
IS of vital importance to the employees A grinder’s life is 
comparatively short, even imdei the best conditions, and 
vaiious states have passed very rigid laws regarding the in- 
stallation of blowers and other ventilatmg apiiaratus The 
HLmois law for 1897 requires that hoods and hoppers shall 
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b( pliicod ovei giindingwlif tls m oidfr to catch tlio dust ^nd 
iofus(’, wludi must he diawn a^Miy by a ciuient of an to the 
outside of the building New Yoik, Pennsylvania, Ohio, 
Massachusetts, and all of the industiial states have similai 
laws 

One cannot emphasis'e too much the advantage of abun- 
dant light, adequate heat, and good ventilation It has a 
tniahuiabh influence, and has the psychological effect of 
inuhing the iilace inviting One can hardly appieciate the 
full significance of this until one has woiked in different 
kinds of plants Whoie conditions aic unfavoiablc, extia 
effoit must be made to do tlie woik The gloom and un- 
pli asantness of the siiiroundings lowers vitality, and makes 
both men and ofccials iiascible and displeased with condi- 
tions Little annoyances in the work winch would be passed 
o\pi without anv comment whatever, aie just sufficient to 
cause loss of temper The workmen do not know why they 
feel out of sorts, but they feel the effects of these siiiroundings 

4 Adequate Space tor the Workers — Workmen must 
have biiflic lent space in which to peifoim then operations 
A fiooi ciowded with machinery is a menace to then safety 
Every machine should have abundant cloniance space on aU 
sides, so that the x>ieces can bo handled readily and with 
safety, and no workman should be so placed that the passing 
to and fio of anyone will distract his attention Everyone 
should have a convenient place to lay his tools where they 
wiU not be intcifeied with by his fellows, and will not annoy 
anyone in his vicinity No exact rule can be established as 
to the amount of space that should be allotted to each man 
There ought to be no undue crowding No one likes to feel 
that he is in any way an annoyance to those around bun 
If one has room enough so that he cannot reasonably feel an- 
noyed at the presence of those around him, and can perform 
his work with safely to himself and his neighbors, be has 
sufficient space in the true sense of the word 
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6 Convenient Toilet and Wash Rooms — Every plant, 
whethei engaging women or men, should provide the em- 
ployees with convenient facilities foi washing their hands 
and faces, and for disposing of their clothing while they are 
at woik Personal expeiience proves that the actual amount 
of money saved by offering decent facilities moie than makes 
up the interest on tne capital expended in the installation of 
conveniences No desirable worlunan, no self-respecting girl, 
cares to go thiough the streets laden with the dirt and grime 
of his or her occupation, oi in shop clothing if there is any 
distance to go and the work is of an unpleasant nature The 
manufacturer might as well recognize first as last that good 
employees are self-respecting ones, and that self-respecting 
people give attention to their personal appearance If wash- 
ing facilities are not provided, employees will provide sub- 
stitutes, andwiU steal an unnecessary amount of time to com- 
plete their ablutions by stealth Foremen very often quietly 
permit such breaches of discipline, if they are not too flagrant, 
because it is so exceedingly difficult to correct the abuse in 
the absence of any regulaily provided place If wash-rooms 
aie provided foi all, no one need take any minutes during 
the working day to secure watei in his private bucket If, 
m addition to wash-rooms, individual lockers for the em- 
ployees’ clothing are installed within those apartments set 
aside for u ashing, decisive action can be consistently taken 
to pievent time stealmg, because foiemen will have no ex- 
cuse for pennittmg any laxnesa of disciplme If the wash- 
rooms are kept closed until quitting time, so tliat no one can 
get to his clothing until he is entitled to leave, theie will be 
no object in stealing time 

To what extent should an employer interest himself m 
caring for his employees? Should a concern mvest money 
to provide dinners and other comforts for the men at a low 
rate or at cost? In the writer’s opinion, the question to what 
extent welfare work should be carried on depends entirely 
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upon what the plant is manufacturing and its class of work- 
eis A concern uliich manufactures a class of material le- 
quiiing the employment of cheap labor will find it question- 
able economy to make investments of this chaiactei Poorly 
paid workmen aie, as a lule, ignorant They cannot aftord 
to pay a sufficient pi ice for then meals to make restaurants 
jirohiable investments foi employeis It is also a question- 
able policy to gi\o things to woikmen for less than they cost, 
because by so doing the firm is making an open confession 
that it IS eithei overcharging the public for its goods, or un- 
deipaying the men, and theie is distinct danger that the firm 
will mideitake duties belonging to the commumty at large 
rather than to the company 

If a firm employs a class of labor whose patronage wiU 
make a lestauiunt and other activities a burdenless oi pioflt- 
able piiteriirise foi the finn, the management might well con- 
sidei the installation of such seivice 

Tlieie aie concerns in this countiy which give themselves 
a gieat deal of free advertising by letting the public know 
how well they tnat then employees Certain health-food 
concerns aie open for inspection the year round, and the in- 
teiested spectator will be shown the generous favors tliat are 
showered upon the employees Concerns of this character 
are in a distinctively diffeient class than the ordinary com- 
petitive business They can afford to carry on their philan- 
thropies because the public liny's for them If one cares to 
do a little mental arithmetic he can prove it foi himself 
Theie are two veiy widely advertised articles on the maiket, 
one of which gives less than a pound — ^tobe exact, 14 ounces 
■ — of wheat m a certain product which is sold retail at twelve 
cents per package If we count 196 poimds of grain to the 
hairel and imagine that all the wheat ground goes into the 
flour, which is far from true, we find that a banel of flour 
costs the consumeis of that food about $26 Another concern 
gives seven ounces of gram for ten cents, makmg it on the 
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flour basis worth about $60 pei bairel Selling their piod- 
ucts at such famine prices, of course such concerns can afford 
to pose as philanthropists, but a machine shop, textile estab- 
lishment, 01 other competiti\e business simply cannot do it 
It neithei pays as advertising nor in increased output on the 
part of the woilieis 

Intelligent woikmen as a class are not unieasonable They 
w int fan treatment and like to be put into sunoundings 
whoie they can respect themselves They do not desiie to bn 
made objects of charity They do appieciate efforts on the 
part of the management to get into close touch with them, 
they do like to work in pleasant sunoundings, and aio grate- 
ful to the firm that bungs them into a better and closer un- 
derstanding with fellow workeiB and employers Man is a 
social animal, and prefers to work in a place wheie there is 
good fellowship, but theie is a distinct line to be drawn 
between effoits which really cost the employer nothing and 
do not lower the workman’s self respect in accepting them, 
and the othei kind which makes the employee conscious of a 
condescension on the part of the giver 
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THE POWER PROBLEM 

PowFR IS one of Iho loiiino cans* a cleicimming the loea- 
ti(jn of industuca Geitain diatrirts in the United Staks 
Htfoid unusual manufactuiing oppoitunitus heeause of the 
piGsence of falling bodies of watei A waterfall is the cheap- 
est knoun foim of energ} That does not necessaiily mean 
that it will give the cheapest power to a piospective inanu- 
factuier A high cliop and a gn at mass of watei are merely 
the raw materials from which to obtain energy to turn the 
wheels of a faetoiy A thing is cheap only when a small 
expenditure of money puts it into consumable foim 

To convert the wasting eneigy of a loaring cataiaot ante 
productive income requires investments m seveial things 

1 Land Around the Falls — ^The people who desne to 
use the waterfall must secure the land on both sides of the 
falls before they have a clear title to use the power, and, if 
tlie stioam is navigable, fiirthci permission from the state 
and fedeial authorities must be obtained 

So far as piiiely engineering consideiations are concerned, 
watei-power equipment demands 

(a) Space for a dam or reservoir for storing the water, in 
almost eiery case At Niagara Palis and some other places 
a dam is unnecessary, but such conditions aie exceptions to 
the general rule 

(b) Power-house site 

(c) A canal or trench to conduct the water from the rivei 
above the falls through the turbme to the stream below the 
falls 
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In many casps where a dam is necessary no land is needed 
for the site of the power house, the penstock, and flumes 
It depends very largely upon the type of plant that is to be 
built and the natiiie of the falls as to how much land is ac- 
tually necessary, hut some must be pui chased in any event, 
and it frequently happens that the amount is quite consid- 
erable 

2 The second item of investment is the hydraulic ma- 
olanoy 

The mam parts of the water-powei equipment for a water 
tuibine usually consist of a dam which may cost thousands 
of dollars, a long tube called the penstock oi down flume, 
which leads the water fiom the head race to the tuibme, the 
turbine itself, and the draft tube or diaw piipe which con- 
nects the turbine with the tail lace A penstock is not always 
a necessary part of the water -xiowei plant, however, as it may 
be part of the dam, and, if instead of a turbine the hydraulic 
engine happens to be an impulse wheel, there is no draft tube 

After the power has been generated it must be tians- 
mitted If the turbines cannot be directly connected to tlie 
machinery, the manufacturer must invest in expensive elec- 
trical equipment to carry the power to his plant 

In spite of these necessary investments water power has a 
number of advantages over any other form of energy It is 
cheap to produce, because it requires neither the purchase nor 
handling of fuel The mechanism is simple and can be kept 
m ninmng order by a smallei number of people than is neces- 
sary in a steam plant No space is taken up by boiler plants 
or by storage houses for fuel and ashes Water power is 
naturally clean Theie are no smoke oidinances to fear nor 
ashes to handle 

Its disadvantages, while few, are sometimes important 
A heavy investment may be necessary before it is possible to 
utilize the falls Frequently the manufacturer will require 
so little power that it is not worth his while to make an m- 
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vestment which will utilize even a small fiaction of the cas- 
cade UnlesB one wants to consume a fairly large amount of 
energy, the foice of falling water is not cheap in spite of the 
fact that in largo quantities it is possibly the least expensive 
power generated This accounts for the fact that in the 
vicinity of a great many of the larger falls throughout the 
country, large power plants have been instaUed which manu- 
facture power for sale Small manufactureis may find it 
profitable to iiurchase power as needed The advantages of 
purchasing powei are considerable Buyers aie relieved of 
the necessity of securing the water rights, they need burden 
themselves neither with interest charges on the investments 
m power plant and transmitting equipment, noi with sal- 
aries to power-generating employees, noi with expenses for 
repairs or maintenance, and portions of the buildings which 
would otherwise be taken up by a private power plant can be 
devoted to manufacturing 

If a small manufactuior can agree not to caU for a great 
amount of power during the time the power plant has its 
peak or heai^ loads, very low terms may be obtained The 
power houses find it highly advantageous to keep a constant 
load on then machinery, and in older to induce people to 
distribute their consumption, tliey will make considerable 
concessions to those who are willing to agree to use power 
when the burden on the power house would otherwise be 
light Even if a plant cannot adjust its power consumption 
so that it can get these very low lates, it may stiU be profit- 
able to purchase power In such cases, however, the pur- 
chaser of power should take precautions to guarantee to 
himself a constant supply at all times 

Ordinarily, conditions aie such that a manufacturer can 
neither use a waterfall nor purchase his motive force He 
must transform the lowest known form of energy, heat, into 
power 

Two types of heat engines are known, the direct combus- 
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hon, repiesented by gas, gasoline, and oil nnits, and the in- 
direct combustion, or steam geneiatoi The essential differ- 
ence between the two gieat classes of energy transfoimers is 
that in the foimer case the fuel is directly intioduced into 
the cylmdei and there exploded by a spark oi flame causing 
consequent expansion of the gases so generated and heated 
In the lattei, the fuel first converts watei into gas under pies- 
sure, and then utilizes the expansive force of the steam to 
conveit the heat units into mechanical energy 

If a plant is small, the gasoline engine is an exceedingly 
cheap power goneratoi, and the probabilities are that this 
engine w ill become much moie populai than it is even now 
The gasoline engine is cheap to install and easy to nm, al- 
though the fuel is somewhat dangcious to handle, and insur- 
ance companies aie inclined to look upon it with disfavor 
Within lecent yeais, the gas engme has become an ex- 
ceedingly popular form of motive power Two general kinds 
aie in use, those which utilize the ordinary gas from stieet 
mains, and those which consume pioducer gas The foimer 
engine was the first used, and is veiy popular with small 
manufactuiers It is easy to install, it being necessary only 
to mount the engine on a small base, and to make proper 
connections with the gas supply, no giound space is required 
foi a boilei, no chimney is needed, nor is it necessary to 
store fuel There are no boilei rejiairs, no handling of ashes, 
and the cost of maintenance and attendance is low The 
objections to the engines are then noise, bad odor, and, if 
the price of gas is high, then excessive fuel cost 

At one time, all gas engines were nm from the town 
lighting suiiply, and the owner of the engme had to pay the 
full domestic rate foi his power fuel This, of comse, makes 
the gas engme an expensive apparatus if tlie amount of hoise 
power consumed exceeds twenty or thirty hoise power In 
some sections of this country wheie natural gas is used, the 
old style gas engine is stiU the most profitable foim of power 
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for a moderate si^ed factory The ciiy of Columbus, Ohio, 
foi instance, supplies natural gas for power purposes at a 
1 ate as low as ten cents per thousand cubic feet, and in that 
locality the gas engine is a very popular means of power 
geneiation Cheap gas is haid to get fiom ordinary town 
supplies If a manufacturer is to use more than twenty to 
thirty hoise powei his gas engine becomes an expensive in 
stiuraent uith such a source of fuel 

Chemists for a long time bent their eneigies toward the 
seeming of a cheaper foim of gas directly from the coal, and 
the lesults of then investigations developed that a cheap gas 
could be obtained m the foim of pioducer gas Engineers 
have also been able to design engines which can utilize this 
kmd of fuel Technically, pioducei gas is understood to mean 
the gas obtained by the partial combustion of fuel in a gas 
producei The oidinaiy pioducer gas is usually made by 
diivmg air with oi without the addition of steam or watei 
vapoi thiough a deep bed of incandescent fuel m a closed 
pioducer Such gas is very poor foi illuminating and heat- 
ing purposes According to one authority the calorific power 
or one cubic meter of an average sample of semi-water gas is 
1,432 calories, while the same amount of ordinary sixteen 
candle-power illuminating gas is 6,693 calories ^ Improve- 
ments have been carried on in making and using this pro- 
ducer gas so that at the present time the pioducer gas engine 
IS a serious rival to the steam engine for both small and 
large units 

Wheieiei gas is produced as a by-product, the gas engine 
is superior to tlie steam engine Within the past few years, 
steel plants and otlici establishments, which in tire couise of 
their work develop gas, ha\e found the gas engine the cheap- 
est form of power in existence The Gary Steel plant in its 


"Producer Gas, ’ by J Emerson Dowson and A T Larter, 
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power houses has adopted the gas engine Their electiic 
power station is equipped entiiely with gas engines as the 
piime moveis Then blowing engines aie likewise gas 
driven 

Some of the lecent gas engines aie as laige as 2,000 H P , 
and on the continent of Europe there arc- twin tandem en- 
gines vhich develop) over 4,000 H P ^ Although the large 
gas engine is in its infancy, it is domonstiating an efficiency 
which ill the neai future will give it fiist place among the 
economical heat engines In the first place, by using the 
gas directly in its cylinders it saves a gieat deal more heat 
tlian does tlie most economical steam engine, because the 
latter must bmn the gas under boileis and then utilize the 
steam A gas-engine plant takes up about one half to tu o 
thirds the space necessary for a steam plant, which uses the 
most compact type of steam engine The large unit gas en- 
gines, however, aie economical only where the gas is devel- 
oped as a by-pioduct in some othei piart of the plant Under 
tliese conditions, it is cheapei to bum the gas directly in the 
engine than it is to transform its heat energy into steam and 
thonce into mechanical power If, howeier, the plant does 
not produce gas incidentally to its other manufacturing 
work, or if the plant needs a boiler foi heating, it is ques- 
tionable whether steam power is not the more economical 

Two types of steam engines may be considered, the re- 
ciprocating steam engine and the turbine The lecipiiocating 
steam engine attained a high stage of development years be- 
fore the turbme engine was even regarded as a commercial 
posaibilily 

The steam turbme has, however, now demonstrated its 
efficiency, and m time it wdl probably displace the recipro- 
catmg engine It may, for a while, dispute the field with 


iCf Gassier' 8 Magazvne July, 1909, "Recent Developments in 
Large Gas-Engine Design ” 
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the gas engine The steam turhine possesses the following 
advantages 

1 It makes a great initial saving m foundation costs 

2 Compared with the lecipiocating engine it requires 
small floor space 

8 Its oil consumption is very low, and as no oil is con- 
sumed in the cylinders, the condensing water may be used 
duectly in the boiler 

Its disadvantages, as compared with the reciprocating 
engine, aie as follows 

1 The fiist cost of engine is greatei for equivalent lioise 
power 

2 If it does not operate with a condensing plant, it is 
wasteful in power 

8 The condensing plant necessaiy for a turbine is more 
expensive than that lequiied foi a reciprocating engine 

4 Its high speed makes it disadvantageous foi direct 
connection with certain electrical generalois, and high speed 
seems as yet to be necessary to develop tire greatest economy 
in the turbine 

An economical steam jilant, whethei it be reciprocating 
or turbine, has a large number of subsidiary appliances to 
reduce power cost Thiee kinds of economies may be intro 
duced into the steam plant 

1 Those which make the water moie suitable for steam 
purposes 

2 Those which make the boiler and furnace more efh- 
cient 

8 Those which make tlie engine more efficient 

Water contains either organic or inorganic impurities 
held in suspension or m solution If they are suspended 
impurities, they can be removed readily by a filteiing pio 
cess If, however, the impurities are soluble, complications 
arise in handling tire water question 

The common and most undesirable impurities found in 
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watei are inorganic, and may either coiiode the inside shell 
of tlie holler or cause a non conductmg scale to foim over 
the tubes In some cases the impmities wjU do both The 
corroding iinpuiities aie sulplmuc, hydiochloiit, caibonic, 
acetic, and tamnc acids Tliose which coiiode and form a 
scale aie iron sulphate and magnesium chloride The scale- 
forming impurities aie the caibonates and sulphates of lime 
and magnesia and carbonate of iron The third class of ira- 
puiities IS the most harmful to the boiler, because the scale 
formed within tlie boiler puts a sheet of non-conductmg 
material between the plates of the boiler and the fire This 
sheet shortens tlie life of the boiler, causing the insulated 
plates near the intense heat to become soft and bend and 
blister under the intense pressure on the inside of the boilei 
In fact, it may happen that the scale may develop so great a 
weakness as to cause the boiler to explode 

Three methods may be taken to extract these impurities 
from the water The fust, the cheapest and a much used 
plan, which is piobably at tlie same time the least effective, 
IS to boil the water before it enters the boiler either by using 
the exhaust steam from the engine or by some other device 
This will drive out carbonic acid and tends to precipitate the 
carbonates, but unfortunately the boiling piocess is not con- 
tinued long enough, nor can it be conducted under the boiler 
pressure, hence the action is incomplete, and a small per- 
centage of the impurities is removed '■ 

Another method is to introduce some precipitating com- 
poimds into the boilei If tri-sodium phosphate oi sodium 
fluoride be mtioduced, the heated water will have precipi- 
tated from it both the carbonates and the sulphates of lime 
and magnesia as phosphates or fluoiides These do not 


^Cf Coaster’s Magamie April 1904 Vol XXV, p 607, “Soft- 
ening and Purifying Waters for Boilers,” by J C W Greth, 
pp B0&-514 
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harden m the shell or fuse, bnt they are objectionable be 
cause the piecipitatiou is expensive, and because heat is 
wasted in raising the lempeiature of the resulting sludge ‘ 



Pig 23 —Inside View of the Eureka Water Softener 

The third and most effective scheme is to remove the im- 
purities from the water by piecipitation before they enter 

*Cf Cassier’s April, 1904, Vol XXV, p 508, 
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tlie boiler The best piecipitation agents known are lime and 
soda The lime precipitates carbonates, the soda sulphates 
and chlorides The soda also tends to neutralize any acids ‘ 

The inside of an effective water softener is shown m Fig 
28 The raw water enters and falls on the wheel causing 
it to revolve, thus making all the power necessary to actuate 
the softener A portion of the law water is diverted from 
this first receiving tank to saturator J, wheie a clear lime 
solution of constant strength is manufactured JJ shows the 
flush valve for the lime tank G contains the soda The 
water posses down through the center tube M after coming 
in contact with tbe chemicals, and gradually works up past 
the senes of spiral plates N These plates accelerate the sep- 
aration of the precipitated iinpuiities P as the water travels 
upwards The impurities collect as a sludge in while tire 
pine water, after it passes through the wood-flbei filter A, is 
collected in the reservoir T, wheie it is drawn off to a stor- 
age tank 01 for use 

The Engineei iiiff Magaznie gives a number of tables from 
which the following is quoted ^ 

“A 5 000 horse-power boiler plant located on the bank of a river 
and buying city water The plant is a power station of a large 
street railway system The statement is taken from the power 
house lecord for the month of March 1905 and for the same month 
of the year 1906 The engines in this plant are run surface- 
condensing When the boiler was fed with this condensed steam 
and city water for make up it was found necessary to use a high 
grade mineral oil for the cylinders because the removal of oil by 
skimming devices from the condensed steam (in order to fit the 
latter for boiler feed) is more completely affected with pure min- 
pral oil than with an emulsifying mixture containing animal or 
vegetable oil This will explain the decided drop in the cost of 
oil per month 


' Cf CasBier’s Magazine, April, 1904 Vol XXV, p 509 
^Engineering Magazine March, 1908, “Water for Economical 
Steam Generation,” by J C William Greth, pp 946, 946 
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SAVINGS EFFECTED OPERATING WITH WATER- 
SOFTENING SYSTEM 
Boiler Room Labor Saving- 
Boiler Repairs Saving 
Oil and Grease 
Water 

Fuel, 154 tons at $1 69 per ton 

Coat of purifying -water $35 25 

Depreciation charge per month at rate of 10 per cent 
on $7,000 68 33 

Interest charge per month at rate of 6 per cent on 
$7,000 35 00 

Savings effected per month 
Savings effected per year 

Or almost 71 per cent on an investment of $7 000 ” 

After the -watei has been purified, the boiler plant uses 
other schemes to increase economies One is to heat the 
-water before it enters the boiler It is a well-lcno-vvn fact 
in engineering practice that the more heat the ivatei con- 
tains before it enters the boiler, up to about the boiling 
temperature, tlie greater -wiU be the saving in fuel to laise 
the water to the boiling temperature 

‘ There is no great advantage m the introduction of feed watei 
at the steam temperature, because such a temperature cannot be 
gained without an economic loss, either in flue gases or in steam 
used for the purpose and second a moderate difference in tem- 
perature increases the effectiveness of heat transfer and promotes 
circulation ” i 

To introduce water at the economic temperatuie, several 
schemes aie used One practice is to introduce coils of pipe 
into tlie flues and chimney of the boiler plant and to have 


$ 9 30 
24 21 
204 87 
69 46 
244 86 
$642 70 


128 58 

$414 12 
4 969 44 


^Engineennff Magamm, March 1908, Vol XXXIV, p 966 
■‘The Argument for the Open Feed Heater,” by Reginald Pelham 
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the watei heated on its way to tlie boilei hy waste gases of 
the fiiinace This scheme is culled the Economizer System 
In installing an economi/ei, caio must ho taken not to intro- 
duce too many cods of pipe in oider to get all of the heat 
out of the gases, because if the economy is earned too far, 
there will not be sufficient heat left in the gases to make a 
diaft for the furnace On tins account, the economwer can 
bo used with profit only in veiy highly oigamzed plants, 
which have the most expensive engines and all the accom- 
panying icfinements 

A moie common and moie piofitable scheme foi heating 
the feed vater for the boilei is to utilize the exliaust steam 
from the engine as a heating agent There aie many varie- 
ties of exhaust heateis on the maiket, but the geneial princi- 
ple IS the same 

Within recent years much attention has been devoted to 
tlie heating of the steam after it leaves the boilei, in order to 
extract aU the moistuie fiom it, thus making it more expan- 
sive and effective m the cylmdei of the engine The heating 
of the steam, aftei it leaves the boiler and befoie it enteis the 
cylinder, is called superheating Supeiheated steam makes a 
saving, because in passing thiough the cylinder it does not 
leave any moisture in the walls of the cylmdei to reduce the 
temperature of the incoming live steam 

In oonsideimg the adoption of superheating, the added 
interest on investment, tlie repair costs, and depreciation 
must be balanced against the coal saving lesultmg fiom the 
superheatei 

An incidental objection to the suiierheatei is that the in- 
tense heat of the steam destroys the lubricating qualities ot 
the oil introduced into the cylmdei, but that difficulty may 
be overcome to some extent by using a dry lubricant 

Another boiler-room saving device is the automatic stoker, 
of which there aie many types and forms Three main types 
may be noted the chain, the plunger, and the rookmg giate 
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The chain stoker consists of a levolving chain grate on which 
coal IS dropped and consumed as it passes tmdei the boiler 
By the time it gets to the end of its journey, the fuel is ash, 
and IS diopped into tlie ash pit In the plimger tyjie the 
coal IS forced by means of a plunger gradually acioss the 
giate bars, until it is pushed over the end of the fiie box in 
the form of consumed fuel In the locking giate stokei, coal 
IS diopped on a senes of giate bais which aie inclined toward 
the ash pit and have an oscillating motion The coal soon 
becomes ignited and the moving bais gradually work it to- 
ward the ash pit, so that by the time the fuel has exhausted 
its heat-giving qualities its ashes are ready to be earned 
away 

The automatic stoker makes several very important sav- 
ings It leducea tire boilei-ioom labor, gives gieatei imifoi-m- 
ity in firing, and makes combustion moie complete The 
automatic stokei often makes it iiossible for one to use an 
inferior grade of fuel under the boilers Witli the automatic 
stoker have been introduced great improvements in the han- 
dling of coal and ashes by machinery Laige plants have 
for a number of yeais found these innovations decidedly pay- 
ing investments, and now small plants aie also finding them 
profitable They are tried and tested devices, and have 
gained for themselves assured standing in boilei equipment 

All the economizers for the steam engine above noted, 
however, give place m importance to the oldest saving appa 
ratus known, the condensei, a device designed to enable the 
engme to utilize all the steam pressure generated in the 
boiler The atmosphere exerts a fifteen-pound pressuie to 
the square inch If steam exhausts from tlie cylinder into 
the open air, this pressure wiU be exerted on eveiy inch of 
the side of the piston, which is pushing out the expanded 
steam To eliminate this back pressure, which may retard 
the efiSiciency of the engine from eight to fifteen or moie per 
cent, the steam is exhausted into a space which is kept as 
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nearly vacuum as possible Tbe partial vacuum is ob 
tained by attacbmg tbe exhaust to an enclosed cooling ap- 
paratus which turns tbe exhaust steam into a few drops of 
water The condenser reduces the back pressuie, and also 
accomiilislies other results The water contams considerable 
^heat on leaving the condenser, and for many yoais engmeeis 
worked on the problem of utilizing this waste At first it 
was pumped into the boiler directly, but the lubricating oil 
in the cylinder being united with the water caused much 
trouble in the boiler by adheiing to the tubes and plates, thus 
impeding the flow of heat and likewise causing the water to 
foam Devices were invented to extract the oil from the 
water before it was pumped back into the boilei There are 
now scores of oil sepaiators on the market Some aie more 
or less effective and some are very good A good separator 
both enables the boiler plant to save the heat and reduces the 
water bills, and in some sections of the country this is a very 
important item Many plants find the water bills so consid- 
erable that they make it a practice to use the surface rather 
than the jet condenser, because the former keeps the original 
boiler water free fiom contact with the cooling liquid, which 
may be full of impurities, either suspended or in solution 
In it the exhaust is transformed into water by permitting a 
cold stream to play on the outside of the pipes which carry 
the steam from the cylinder The cold water in time be- 
comes highly heated on account of its contact with so many 
hot pipes In order to use it ovei and ovei indefimtely, 
cooling towers or sometimes ponds are constructed In the 
former the water is pumped to the top of a high elevation, 
whence it falls over a series of plates, so that by the tune 
the bottom is reached, it is again cool enough to condense 
the steam The jet condenser accomplishes its task by spray- 
ing a fine stream of water on the steam as it comes from the 
cylinder ' 

After the power has been developed m the cheapest possi« 
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bl 0 way within the limitations of the environment, the ques- 
tion of carrying the power to the maclimes in the most eco- 
nomical way aiises The writer knows of one plant where 
testa showed that moie than 48 per cent of the power was 
lost between the fly-whccl of the steam engine and the ma- 
chinery Theie aie fi\e wajs of distributing power fiom the 
liower house to the plant 

1 Pipe Steam /torn Boiler Iloiae to Bngines — One of 
the oldest schemes is to have the boiler house located at 
some central point and pipe tlie steam to the various de- 
partments where the machnipiy is located This scheme is 
used where fuel is cheap It occasionally may be seen in 
steel plants of tire older type and in the vicinity of coal 
mines 

2 Taling Powei fiom Fig-Wheel Ig BelU — Another 
uneconomical scheme, but one still fieqiiently observed, is 
to have the power taken from the fly-wheel of the engine by 
a large belt to mam shafts which iim the entire length of the 
various departments which utilize the power From tliese 
mam shafts aie run other belts to countershafts from which 
the power is distributed again by belts to the individual ma- 
chines This scheme has two objections — it wastes much 
power through the turning of useless shafting, especially if 
the plant is one which uses its power intermittently, and it 
is condemned by insurance companies because it is liable to 
facilitate the spread of fiie The latter objection is oveicome 
to a great extent by a rearrangement of the mam driving 
belt The belts are enclosed in a belt tower and are not per- 
mitted to pass through the floors of the building The mam 
belt runs small shafts within the tower These small shafts 
have other shafts connected with them by means of belts by 
which are run the vaiious machines (See Fig 19 ) 

Theie are two classes of belt drives, the older form con- 
sisting of a wide band of leather or rubber composition, 
which transfers the power fiom the generator to the depart- 
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ments, and the moie recent form consisting of lope belts or 
drives as they aie usually called The old style is for large 
poiveis lather more expensive and difficult to handle than 
the lope diive It lequiies greatei caie and skill in aligning 
the shafts and pulleys Since the belt tension is not self- 
adjustable, it IS necessaiy to tighten the bands so that they 
can carry the heaviest loads without slippage Thus there is 
moie wear on the journals than is necessary with the rope 
dme The lojie drive claims several other advantages With 
it one can transmit power over long distances acioss spaces 
exposed to the weathei It can tiansmit at any angle, and 
the same pulley may drive two line shafts The rope drive 
IS more economical in transmitting, and for laige units is 
cheaper to install and less expensive to maintam It needs 
less space to carry a given horse power, has a more steady 
pull, 18 leas noisy, is free from static electrical disturbances, 
and it can provide for future extensions in power more read- 
ily than the old style belt drive 

The rope drive, however, is for small units more expen- 
sive to install because it requires special sheave wheels and 
a trained man to get it running Where the units are large 
and one has an employee familiar with the rope drive, the 
latter is more economical, but in small places where the 
amount to be carried is not great, and is limited to small 
distances within doors, the old style belt drive is a little 
cheaper 

3 Elect} teal Transrmsston — Electiical powei can be 
transmitted in two ways 

(a) By having large motors located at various parts of 
the plant, aiianged so that they can lun a number of ma- 
chines This plan is known as the group drive (See GE, 
Fig 21 ) The group drive is a little less economical in 
transmitting power, but it lequires a smaller imtial expen- 
diture to insteB than do the mdividual motors 

(b) The individual motor drive (See Fig 16 ) The 
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individual motor drive is expensive to install, but it is pco 
nomical of eneigy Moreover, the seijaiate motors make it 
easy to determine the exact amount of power each machine 
IS using It IS economical in powci utilization in that theie 
IS no power lost when a machine is not running 

If, however, the motor drive rested its claims only upon 
economy m powei tiansmission, it ivould haidly descive the 
vogue it has obtained, because, if the extia cost of invest- 
nieiit IS matched against the powei saving instituh-'d, theie 
IS question as to whethoi there would be net gain by its in 
stallation The motor drive has a fair claim to recognition 
in that it makes possible other savings besides preventing 
waste in power transmission In the fiist place, it makes a 
larger outiiut possible, because it gives tlie operators such 
perfect control of their machines With that system of 
power distribution the woik-iooms become more pleasant to 
the employees, there is more light, less dust, and usually 
less danger Whore these conditions obtain, a concein gets 
so much greater output that the extra investment necessary 
for electiical power can well be afforded 

4 Air Pi eisui e — Air pressure is more com enient than 
economical, but all things being coiisideied, it is probably 
the cheapest kind of power available for the driving of small 
tools like chipping machines, riveters, and almost all kinds 
of portable labor-saving devices used aioiuid a plant It is 
neitlier so cheap noi so convenient as electiicity and belting 
foi stationary machines, and hence is seldom used for such 
purposes 

6 Eydi aulic Power — Anotliei scheme of transmitting 
power IS by means of water Hydraulic pressure is conve- 
nient foi use in elevator ser\ice, or in any place wheie it is 
desirable to exert great pressure It is, however, foi general 
service somewhat slow working, and is also lathei expensive 

This chapter has not mentioned aU kinds of power gen- 
erators nor aU the various transmitting devices To do so 
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would lequire a special volume The important factors in 
both, classps have been consideied No one can state abso- 
lutely foi either geneiatois or tiansmitters which is the best, 
all things consideied, because conditions vary to such a de- 
gree that one scheme may be very economical in one place 
and m another be an unnecessary extravagance 



PART THREE 

ORGANIZATION AND MANAGEMENT 




CHAPTER XIII 

THE THREE TYPES OP ORGANIZATION 


In Parts I and II the questions which the business exec- 
utive must considei have been discussed The cieation of 
an ideal equipment solves about one half of the problem of 
industrial management The plant must yet bo put under a 
satisfactoiy organization before it can be well managed The 
works manager must so combine the equipment which has 
been given him with labor and material that the product of 
the plant wiU be the cheapest and best that can be manu- 
factured Tlie sales department must put the goods on the 
market efficiently 

The works manager’s field in the concern is limited to 
the production department of business His work begins 
with the receipt of the order and ends with its shipment 
He has nothing to do with the soliciting of oideis, he is not 
concerned with the finances of the firm nor with its legal diffi- 
culties His work begins and ends with production To 
perform his duties ideally 

1 He must get the work performed lapidly 

2 He must get the work jieiformed accurately 

8 He must get the maximum lesidt fiom the machineiy 

4 He must get the maximum piodiict from the raw ma- 
terial 

6 He must see that improvements in methods are intro- 
duced 

In order to get this work performed, there have been 
evolved three kinds of industrial oiganization — ^the mihtary, 
functional, and departmental types 
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The Militaiy System of Organization — ^Tliis is the old- 
est and -was almost the only one until veiy lecent yeais 
Accoiding to the military bclicme, all powei and aiithoiity 
foi diiectmg the woih emanate fiom one man, who is held 
responsible for eveiytliing that is done in any pait of the 
division under his control With his plan the leader does 
not give general directions and then look for results He 
keejis control of all details that arise within his sphere of 
command The armies of former ages weie lun according 
to this plan The general-in-ohief gave diiections concern- 
ing the health of the men, the way they should march, he 
saw to the provisioning of the troops, and in fact Caisar, 
Napoleon, Fiedeiick, and many other great military leaders, 
directed the affairs of the state as uell Cur ion sly enough 
the modern army is no longer nm according to the old style 
military system The health of the troops is midei the caie 
of a distinct body of men, the piovisioning and supplying of 
the tioops IS attended to by another group of officials The 
commandei-in-chief now decides upon the general plan of 
the campaign He plans where and how battles shall be 
fought, but modern waifaio no longer makes it possible for 
him to lead his men as did the youthful Alexander, the 
great Napioleon, or as did Scott, Lee, oi Grant in American 
history The aimy now has a staff organization which cor- 
responds very closely to tlie departmental system used m the 
progressive firms of to day 

With the military system of industiial organization every 
ofiicer in each division or subdivision is held responsible for 
all that happens within his piovince No matter what mis- 
takes are made, he is the one who must stand the conse- 
quences If a foieman has charge of a shop and that shop 
runs behind in orders, is extiavagant in the consumption of 
supplies or power, or is deficient m the quality of work 
turned out, the foreman in charge is responsible He is 
given a division presumably sufficientljr small to make it 
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possible foi a reasonably good man lo look aftei details, and 
everytlimg is considcird distinotly ■niihin the scope of Ins 
duties lie is e\.ppctod to keep Ins mon always supplied 
with work He must see that the nmehmes aie in w oiking 
order He must be able to select good men and keep them 
If any question arises concerning lion things should lie done, 
he shoidd be able to gi\c Oi.plicit diiections He must de- 
tect woik that IS not piopeily dom , know on nlioin to saddle 
the blame, and must also lemedv the faidts In a noid, he 
must bo a thoiough, all-round man to fiU Ins place piopeily 
A trained man of oidinaiy ability can c (Tick iitly direct 
from fifty to one bundled and fifty people in simple, ordi- 
nary tasks which lequne little mechanical ability It is only 
the exceptional man of considei ible experience and fannli- 
aiity witli the noik nho can piofitably diiect nioie than one 
hundred and fifty oi tn o himdied n oikraen In continuous 
industries, of both the synthetical and analytical types, a 
large numbei of pioeesses aie simply and easily diiected 
The woik is almost entirely routine The maclunoiy is ni iily 
if not quite automatic There are no great calls upon the 
intelligence of the foieman, because theie is vciy little to be 
done outside of seeing that the woikeis are at their posis and 
are turning out an adequate amount of matoiial In such 
industries, the militaiy oiganization is ideal, because the task 
should bo quite ivithin tlie limits of the foiemin’s ability, 
and the responsibility can he constantly fixed upon him If 
he fads to prove equal to his position, there is no gieat diffi- 
culty in obtaining another man Goneially speaking, the 
executives of these types of industries do not find the ir labor 
management problems difficult of solution in tho pioduetion 
departments Their eneigies can be directed towud the dis- 
tributive department, and to finding a corps of workers who 
will develop the mechanical efficiency of the machinery, look 
to the economics of the processes and powei-saving possibil- 
ities and to other similar questions 
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In industries which depend to a greater extent upon the 
ingenuity and efforts of the laborer who cannot be so greatly 
aided by machinery, the military organization shows ita 
weakness 

The machine shops m the assembling industiies were 
the flist to feel the limitations of the militaiy system For 
many years, no one noticed its deficiencies, because the shops 
weie small and one man could attend to all the details and 
give a fair degree of satisfaction When, howmei, the de- 
partments giew to more than tuo hundred uoikmen, the 
scheme began to break doira No one could look after all 
the details of so lirge a shop It was useless to discharge the 
oveiseeis, because no one could be found equal to the task 
It is a dictum in management that if punishment by dis- 
chaige does not eliminate failums and mistakes in an or- 
ganization the scheme m itself is vitally wrong 

Works managers gradually came to appreciate that the 
defects were due to the system, so they sought to eliminate 
the weaknesses of too highly concentrated authority by divid- 
ing the leadership among several men, each being equally 
responsible to the superintendent This solved the problem 
of giving the foreman a reasonable number of people to look 
after, but it increased the unproductive labor expenses and 
tended to make a conflict m authority and mterests For 
example, the foreman of the machmes in order to make a 
good showing would be apt at times to have his men rush 
the work through in a hasty manner, expecting the erecting 
gang or bench hands to make good his deficiencies The 
bench foi email would also slight his woik If heavy castmgs 
were to be moved by the cranes, two foremen, equal in au- 
thority, would put the riggers and ciane men in an exceed- 
mgly unpleasant situation because both would insist upon 
immediate attention There was but one outcome The rig- 
gers served whomsoever they pleased The writer is familiar 
With a shop where the riggers weie bribed by an ambitious 
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gang boss to attend to Iub lequests He needed the services 
of the crane for a considerable length of time Howevei, 
there were intervening periods of a half hour or so in which 
the crane could be used to fill machines and move other east- 
ings Instead of using tins time and making the favored 
man wait an occasional quarter or half horn, the riggers stood 
by the job, holding up the machines and erectors the better 
pait of the day Of couise this is an exceptional and most 
glaring example of the weakness of this scheme, but it is 
nevertheless a wealaiess which grows out of too extended a 
spreading of the military system 

Briefly summaimed, the advantages of the militaiy system 
of management aie 

1 It unifies the work, imtting it all in the hands of one 
individual 

2 It fixes the responsibility for the perfoimance of tasks 
in a definite manner upon certain individuals 

Its disadvantages are 

1 When a plant becomes too large the foremen aie held 
responsible for too many things, and cannot justly be held 
accountable tor blunders oi foi smallness of productivity in 
machines and men 

2 The foremen have so much to do that they cannot see to 
the introduction of improvements as rapidly as is desirable 

The military system of works organization in a large con- 
cern leads to chaos in management, because it fails to pre- 
vent bad work and to stop the nuising of jobs It has no 
means of rewarding the efficient man oi of pimishing the poor 
workei oi loafer Managers of plants who worked with the 
military system in then younger days were puzzled as to why 
the later generation developed so few good foremen and why 
it brought forth so many pool workmen They did not lec 
ogmze the fact that it was due not to a degeneration m the 
younger members of the community but to an inherent fault 
in the system Thoughtful students felt the need of some 
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thing, blit hardly knew what Some plants tiied varying 
bchomes of running their woik Several concerns hit upon 
the plan of puce wage pavment and caioful inspection of 
raateiial by independent mspectors who were held responsi- 
ble This scheme has worked with a reasonable degree of 
success, blit tliere are so many waj’^s of fooling the inspector 
and of getting bad work passed, and there are so many possi- 
ble evasions of the piece wage scheme that it was soon re- 
alized that anothei change was necessaiy before this method 
would prove efficient The piece wage payment and inspec- 
tion scheme did lead to something better 

Piece workers, on account of the fact that they aie working 
foi themselves, are insistent upon allowances being made for 
all kinds of contingencies Tho manufactuioi finds it more 
profitable to lighten then duties, and to limit as httle as 
possible the movement of the workers He soon begins to 
study how the work can bo divided and men assigned to cni- 
tain parts From this development arose the functional sys- 
tem of organization 

TliB Functional System — ^The greatest exponent in Amer- 
ica of the functional system of organization is Mr Frederic 
W Taylor, a past president of the American Society of 
Mechanical Engineers Mi Taylor has held a great number 
of lesponsible positions in various sections of the country, 
and has made an enviable reiiutation in the engineering 
world His paper entitled “ Shop Management,” delivered 
before the Society of Mechanical Engineers, is a memorable 
contiibution In that paper he discussed the management 
of a shop under the functional system of oigamzation 

‘ ‘Functional organization consists in so clividmg the work 
of management that each man from the assistant supeimten- 
dent dorm shall have as few functions as possible to peifoim ’ 


^ Cf Transactions American Society of Mecha/mcal Miyineers, 
Vol XXIV, Paper No 1003, p 1391 
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The scheme is based upon the theory of the division oi labor 
as applied to management A workman in a machine shop 
according to this plan is not rmder one but several foremen 
Mr Taylor advocates four shop bosses gang boss, speed boss, 
inspector, and lepaii boss The gang boss has charge of pre- 
paring the woik up to the time that the piece is set in the 
machine lie must show his men how to set the woik on 
the machine in the quickest possible time and in the best 
possible way The speed boss has the fimction of providing 
the propel tools for the woikman on the machine He must 
see that the cuts are skirted at the right place and that the 
machine is speeded up to its jiroper limit The insiiectoi is le- 
sponsible f oi the qiialily of the work, and both woikmen and 
speed bosses must finish the work to suit him The repair 
boss sees that f ach machine is koiit in woiking condition, 
IS clean, fiee from rust and scratches, and is properly oiled. 

In addition to these four shop ovei seers the woikmen 
come into contact with the iqircsentatives of Ihi. planning 
depaitmont, ivhose function is to leliove the shop) foremen of 
all thought of how the work should be aiiangod and distiib- 
utecl to the machiiif s Foiii i c pri sentatu cs of the plannmg- 
room also conio in contact uitli the uoikmeii, the oidcr of 
woik or loute cleik, instnution caid man, tim( and cost 
cleik, and the sliopi discipihnaiian The route cleik writ s a 
daily list, instructing the workmen and all shop) bosses as to 
the exact oicb r in which the. work is to be done by each class 
of machines or men The instruction card man states in 
writing the general and detailed drauing to lefei to, the piece 
nnmhei and cost oidei niimhci to charge the work to, the 
special pgs to use, the dcpith of cut to be made, the number 
of cuts to make, and the time in which the job should be fin- 
ished He also sots the piece rate The time and cost cleik 
sends to the men through the instruction caid all the infoi 
mation they need for recording thou time and cost of work, 
and he seemes the priopiei letuins from the men 
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"In case of insubordination or impudence, repeated failure to 
do their duty, lateness or unexcused absence the shop disciplinarian 
takes the workman or bosses in hand and applies the proper rem- 
edy, and sees that a complete record of each man’s virtues and 
defects is kept This man should also have much to do with read- 
justing the wages of the workmen At the very least, he should 
invariably be consulted before any change is made One of his 
important functions should be that of peacemaker ” * 

To quote Mx Taylor again 

"The greatest good resulting from this change is that itbecomes 
possible in a comparatively short time to train bosses who can 
really and fully perform the functions demanded of them, while 
under the old system it took years to tram men who were after all 
able to thoioughly perform only a portion of their duties 
Another great advantage resulting from divided foremanship is 
that It becomes entirely practicable to apply the four leading prin 
ciples of management to the bosses as well as to the workmen " ‘ 

The four leading principles of management to which Mr 
Tayloi lefeis in this last statement are 

1 A large daily task should be given to the men 

2 The men should be given standard conditions, m aking 
it possible to perform the task 

3 They should be given a high pay for success 

4 They should lose in case they fail to reach the require- 
ments of the daily task ® 

Viewing the subject fiom a bioader point of view, there 
are other advantages to be gained from the functional organi- 
zation 

1 The work is divided so that one man need attend to 
only one thing It enables complete specialization of labor 

2 It definitely fiixes the responsibility for the performance 
of each function upon one man 


1 Transactions Amencam, Society of Meohcmtcal Engvmers, VoL 
XXIV pp 1898 1394 

a Ibid, p 1394 »Ibid,p 1368. 
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8 It aUo-ns the woikmau opportunily to think out im- 
provements by enabling him to make an intensive study of 
his woik 

Notwithstanding aU of these advantages the functional 
system of oiganization has not pioven popular or successful 
111 a number of plants where it has been tried It causes 
men to lose initiative It his a tendency to shift and divide 
the lesponsibility in spite of the (ontiaiy intention This 
has liein foiuid to lie tnie in seviial places wheie the plan 
has boon tired The difiiculties that have been encoimteied 
in caiiymg the scheme thiougli aie 

1 It lequiips a gieat amount of clerical work to fill 
out instuiction cirds and wiite out all orders and minute 
instiuctions necessaiy for the complete enforcement of the 
scheme 

2 It IS exceedingly hard at times to define cleaily to 
whom ceifcam functions belong and on whom the responsi- 
bility rests when things go wiong Poi instance, no less than 
eight bosses outside of the shop disciplmai lan come into di- 
rect contact with the workmen Foin of these men make out 
instiuctions, and four others say how they should be carried 
out It not infierpiontly happens that the man who makes 
out the instiuctions is somewhat vague m his dnections, in 
the hope that the speed boss or gang boss will make up de- 
ficiencies If a mistake oceme under these conditions, it 
becomes a difficult matter to determine who is to blame, 
because the instructions man will plead that they were not 
interpieted coirectly and the other bosses will assert that 
such inteiinetations could be made Sometimes the instruc- 
tion caid man will give instructions and the gang bosses 
may see a better method If they do, the chances are that 
they will want to put their scheme into opeiation Hence 
theie will be a conflict of authority If a boss adheres to 
the system and doesn’t follow the best method possible under 
the circumstances, the fiim is paying for a system of man 
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agement wliich is failing in its purpose of getting the goods 
out in the cheapest possible mannei 

8 It is cumbersome and expensive to opeiate In eveiy 
shop the jobs must be assigned to men at aU kinds of odd 
times dining the day If a workmin desnes to stait on his 
job he must come into contact with at least three of those 
bosses before he can do anything Theio aie usually soveril 
men dosiiing jobs at one time Under a system wbeie the 
worlonan is supposed to know how to set up a job and intei 
piet instructions, he merely needs to find out what he is sup- 
posed to do, and do it, calling on the boss only when then 
are complications With this functional scheme he is not 
supposed to act on his own initiative As i inattei of fact, 
so many bosses leaUy hinder the uoik They nutate the 
men and aie expensive to keep up, because in a laigc shop 
they must have a numbei of sets of bosses to cany out the 
scheme as laid down 

J7i6 Bepai tmcntal System —In advocating the functional 
system of works organization. Mi Taylor made a valuable 
contiibution in that he biought out the idea of dividing the 
work in such a way that it coidd be looked aftei by func- 
tions lather than by complete units No plan of oi ganiza- 
tion can be successful unless it is workable The military 
tyjie fails to be workable in large organizations, because it 
is impossible to get men who are capable of filling the leacl- 
mg positions With the functional plan it is possible to 
train a sufiicient number of men to cariy out the functional 
duties, but it IS only under the most exceptional conditions 
that these varioifs functions can be clearly defined and the 
scheme worked without conflict and iiiitation If there is a 
lemarkable man at the head who can smooth aH points and 
be everywhere present whenever a difficulty aiises with con- 
flicting ideas and authoiities, the system has a chance of 
workmg, but in this every day world a highly sensitive or- 
ganization of that chaaactei, no matter how perfect on paper, 
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18 lioiind to l 36 diBimpted by the bumps and collisions of 
daily stiife A finely adjusted, compensated astionomical 
chronomitei will keep peJect time, provided it is woimd up 
at eeibim staled intei\ ilfi, and is kejit fiom jais and vibia 
tions and e\ti ernes of trmpciatme, but for oidmaiy day use 
to cany nound m the pocket, a dollai watch may prove 
inou satisfucteiy Works minageis need tiro doll ii natch 
oonibin dinn, and they have found it in combining the good 
features of both the militaiy and fun tional systems ot oi- 
gaui/ation Jlundn ds of plants at the piesent time use the 
di paitmental sjstem n ithout being fully awaie of what they 
u( doing The depaitniental system does tlie following 
things 

It dn idi s thi plant up into a numbei of cleaily defined 
depaitments, ind puts each undei the control of a gang boss, 
uho IS gnrn gtiuiil diiections touorktonnd is held le 
sponsihk tor n suits and not for senile attention to detailed 
msliuctions Thus in i machine shop theie is a man to look 
aftfi the large niuhino tools, such as lathes, planeis, and 
milling ma limes Another foieman Mill he appointed to 
look aftoi the flection of the huge parts of the engine, 
anothf r Mill b( gi\en a vah e-sett iiig gang, and still anothei 
may he giitn charge of the tool-ioom, and another wiU look 
aftei the stous The iiggois or crane men Will he undei a 
sub-foieman, mIio will have to keep all the machines supplied 
With M oik In addition to these, the repaii department will 
lie m the hands of one man, a tool-making and grinding do 
paitment in th. hands of anothei, and the stoies depaitment 
in the hands of another All ol these men Mill he imder a 
head foi email oi suik imtendent Each man is held lesponsi- 
ble foi the output of his machines "WTien a set of drawings 
of an Older comes into the shop, the head foieman will ex- 
amine the diawings and call in the various gang bosses He 
will toll them the things they are to look after Each man 
cleirly understands, fiorn cithei Miitten or oiil instructions. 
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his paitioiilai piovnte It is then his duty to keep his ina- 
phines going and his menemplojed on then particular tasks 
The Moik, when poifoiined and inspected, is passed on to the 
otLei depaitraental boss It the sueeeeding gang boss finds 
any defects m theivoik, he must at once xepoit the mistakes, 
01 he will be held irsponsible ha all defects micoveied by his 
immediate successoi 

The depaitmontal &> stem divides the work up into small 
d( partments, each iindoi the absolute "ontiol of a man, and 
tire depaitnientb aie so lelated to encli othei that no individ- 
ual workman will have to obey two bosses The iiggers, foi 
instance, in the military system served any man upon le 
(pxest In the functional system, the riggers obey a ngging 
boss who IS at the beck and call of a half dozen functional 
foremen In the depaitmental system, the nggmg boss learns 
from the head foieman the conditions of the large eastings, 
and about when they are to be moved, and adjusts his gangs 
m such n way that there ivill he a minimum of waiting 
throughout the entire shop If the head foieman finds any 
men idle due to the fact that they cannot work because cast- 
ings are nut moved, be can at onco ascertain whether the boss 
iiggei has arranged the movements correctly, oi whether 
theie IS insufficient ciane service Whatever the leason, 
there is one man fiom whom an explanation can be de- 
manded and leadjustments promptly made If the machines 
aie not turning out sufficient work or are giving poor sen ice, 
the departmental boss cannot blame the speed boss or an in- 
struction-card boss He has the machines to look aftei If 
his men are not efficient, he is to blame, because he should 
report and discharge the delinquents If the machines aie 
in bad condition, he is at fault, because it is his duty to re- 
port defects and breaks at once, and insist that they be re- 
paired A machine boss should never let a machine get into 
general bad lepair The electing boss is to blame if the 
erecting is progressing slowly oi is pooily done The great 
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advancage oi tins depaitmenlal system is that the lesponsi 
bility can be fixed, it I'a possible to train men to fill the jobs, 
and it is impossible to have any sliifting of lesponsibility, 
beeaiise the men must show ic suits in output, and not piove 
that they have given oi lolloued msti actions 



CHAPTER XIV 


THE LABOR FORCE 

Before the employei can decide how he is going to nm 
his labor force he inubt deteimine what kind of laboi he is 
going to use, because his tieatment of employees will be in 
fluenced to a veiy great extent by the Ixboi peisonnel The 
labor foice maybe men, women, oi childun Adult malt 
liboi is foi the gieatei inajoiity of the iiupoitant industries 
the most profitable kind of labor There aie, however, a 
great numbei of industries wheiein women and children may 
be employed witli profit, because they woik foi less wages 
and have then natural aptitudes foi the woik The indus 
tries that can employ women and childien aie the textiles, 
shoe factories, and other concerns which pioduce either light 
materials or goods which require deftness in handling We 
may compare male and female labor m the following way 

1 Comparison op Mai f and Female Labor — Male 
labor IS stronger and has greater physical endurance Men 
alone aie able to stand long-continued heavy work, such as 
IS required in a shipyard, steel plant, or locomotive shop 

2 Men are more apt to be permanent employees The 
home IS woman’s ultimate sphere A woman’s maximum 
working period m industrial occupation is usually limited to 
the time she leaves the grammar or high schools until she 
reaches the age of thirty In that time, she may serve an 
apprenticeship to a trade, and become a capable, conscien 
tious employee She is, however, apt at any time to marry 
and leave work Marriage increases a man’s value to the 
firm, because he now has new responsibilities to shoulder, 
and IS more desiious of giving satisfaction to his employer 

8 In general, men have more initiative than women 
196 
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Man’s initiative ib not due to bupeiior brains, but is the 
lesult of greabi oiiportunity In the city, night schools, 
\oung Men’s Chi istian Associations, coiiespondence schools, 
and public bchoola offii inducements in the way of couises 
of study nhicb nun can iiursuo duimg then evening horns 
Thfse coiiibes of study aie dcsignid piimaiily foi men’s 
needs in mdustiy A giont number of the evening schools 
.nfoim the ( rnploycis of the piogisss their hands aie mahing 
in tin (oiases, and the eraployei is eonsfquently apt to gi\o 
such pel sons gioatoi oiijioitunities Women in the same linos 
of occupation do not have the same encouragement, they aie 
less able physically to ivoik all day in the mill, and then to 
cany on technical studios aftei woiking hours Theie is a 
hick of incentn e to atfamd tht sc coiuses, because they do not 
in most cases icgaid then uoik as a life’s caieei Moieovti, 
thousands of women and gnls, after they leave then factoiy 
at tlie close of the day, have household duties to perfoim for 
paienls oi foi the male nieinbeis of the household, who aie 
also cngiigrd, peihaps in the same mill ot faebny Eien if 
tlioy do not engage in those duties, a gal mvaiiably has a 
great deal nioie to do than a man, she usually makes much 
of h(i clothing, often turns hei bats, lopaiis hex gaiinents, 
find looks aftci a thousand and one things which a man 
turns ovfli to somo one else and pays foi having done All 
these things combine to make man possess more anitmti\e 
He has inoio oppoitunity to loam how to do haidei things, 
has a better physique, a giratei incintae to make an effort 
to learn, and less of othei things to do 

4 MMuian’s clothing is a hindiance to hei, and she can 
be eraplojed onlj in places wheic tlie machineiy is of such 
a natiiie that hei doming will make employment safe In 
places nheie she could othei wise be more serviceable tlian a 
man, fiims take the tiouble to design the work-room and 
machinery in such a mannei that she can be employed with 
safety 
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5 Women’s horns of laboi are more closely lestricted by 
lai\ Oui labor laws justly seelr to throw more piotection 
aiound women and children than around men The managei 
of a plant, however, cannot afford to overlook the fact that 
these are disadvantages when he considers women as prospec- 
tive employees, although it is only a question of time when 
the law will place gieatei restrictions upon male laboi 
Legislation and common justice require conveniences for 
women m wash-rooms, and a supply of chans for resting 
during the woiking period Then hours of daily and 
weekly labor are shoitened, and they may not be permitted 
to Avoik overtime except in raie and carefully guarded in- 
stances 

6 Men are more disposed to foim jiennanent labor 
unions , and, in this respect men may be more difficult to 
deal with than women as regards wage incieases Women do 
not lack organizing capacity, but they are apt to regard their 
industrial grievances as a temporary inconvenience not worth 
the effort to remedy 

In the long run, powerful labor unions are better for so- 
ciety than unorganized labor If the laboiers of all indiis- 
tiies are united in then demands, no haidship is imposed 
upon any managei, because all are on the same bisis If, 
however, one concern is compelled to yield to certain de- 
mands which involve an outlay of money, and its rivals are 
not also put to the same trouble and expense, it is working 
under disadvantageous conditions 

Although women do not readily organize into permanent 
labor bodies, in some respects they are harder to manage 
than men Many a successful foreman of men would wreck 
his reputation if he applied his methods to women Tact is 
required to get good lesults from the giil in the factory, mill, 
or office 

7 Women have an aptitude for certain classes of work 
In hosiery mills, silk spinning establishments, and a groat 
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many opeiations in toxtilo noiks whicli leqtiire painstaking 
caie and deftness, -women aie hettei employees In potteiy 
Avoika her lightei touch and moie appreciative sense of beauty 
aie valuable assets 

8 Women woik foi less money than men Manufac- 
tuieis and managers of establishments which employ women, 
agiec that m the lines in which they employ the women, they 
do so because the same grade of men woidd demand a larger 
wage 

Under these conditions, the managei of the concern must 
study carefully his industiy and the parts of his industry to 
sr e where ho can mtioduce female labor In lines of work 
uheie it IS a question of deftness of fingeis and lightness of 
touch 01 skill in rannmg small machines, women can be em- 
plojed to advantage Anyone who has visited the National 
Cash Registei uorks will be imiiiessed with the proportion of 
uomen and giils employed on drilling machines and ma- 
chinery, which finishes and prepares the small iron and steel 
parts of the register for the assembler’s hands Some electri- 
( d manufacturing companies employ women exclusively in 
a numbfi of their departments In commercial lines, large 
films employ sew nil hundred women in their bookkeeping 
departments In one concern the entire bookkeeping staff is 
(ompobtd of u omen who arc under the direction of a man 
head accountant Whethei women or men shall be employed 
depends upon uhethei the uoik can be adjusted so as to suit 
the peculiar aptitudes of women 

Chit d Laboe — In some classes of industries children 
may be employed The child can be used in a great number 
of opeiations in textile plants, glass factories, coal breakers, 
and other establishments Society pays a high price for 
child labor m decreased vitality and efficiency of its adults, 
and IS now lestricting the liberty of the manufacturer to use 
childien The child as a laborer has only one advantage to 
the manufacturer, that of being cheap Against this advan- 
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tage the managei may well weigh the disadvantages of child 
labor 

1 Their horns of labor aie limited by law in most states, 
and in those industries wheie children are employed they aie 
apt to limit the hours of the adults, or to compel the manage- 
ment to make disproportionate equipment foi the child, as 
compared with the adult, departments The adults are de- 
pendent upon the children for their mateiial, and when the 
child department shuts down, the adult department may 
have to discontinue 

2 Children requue more careful overseeing They aie 
more apt to destroy oi spoil material than their elders, ait 
harder to keep at work, and require a greatei degree of atten- 
tion and diiection Unless constantly watched, then little 
minds wandei fiom their tasks They aie full of animal 
spurts, and when not under observation will play pianks, 
which cause xiroduct on to cease, and even frequently destroy 
goods 

8 Children are more careless about machmeiy than are 
adults, and more likely to be injured They are not safe 
woikeis in a plant 

The casualty insiiiance companies do not as a rule care to 
insure children Some companies lefuse to accept risks uxion 
any child under fourteen years of age ‘ 

Nearly every firm employs boys of seventeen and under 
for messengers, elovatoi attendants, and similar workers 
The only reason for employing boys for such positions is 
their willingness to accept low wages In spite of his smaU 
remuneration, the boy is not cheap when one considers his 
unreliability Some firms have had so much trouble with 


' This rule, if not already adopted by almost all casualty com 
panies, soon will be on account of the general tendency of states 
to raise the minimum working age of children to fourteen years or 
over 
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boys in filing rooms, as messengeis, and as office assistants 
that they are now employing foi such places men who aie 
well past middle life and arc getting bettei lesults Such 
men ask foi moie wages, but they aie weU worth the extia 
pay, foi they aie much more caieful, reliable, and faith 
fill in fulfilling then duties than the youngsteis, and fai loss 
apt to loavf 

Fioin the bioad, social point of view it is a question 
wliethi r ])oys ought to be engaged in such occupations as 
nil sscngeis, ulevatoi attendants, and office assistants Fioni 
■'ouitein to eighteen a boy should be piepaung foi his futuie 
caieei, if he cannot attend school oi college he should be 
seiving an appienticeship to some tiade, oi be working at 
something which wiU enable him to fill a place of usefulness 
in some office, stoie, bank, oi similai ifiace in latei yeais 
Being an office, elevator, oi messengei boy, is not giving him 
tins pieparation, and ho should not be so occupied unless it 
IS ineiely a temjioiaiy expedient to obtain a jiosition which 
will give him a chance to develop his faculties foi gieatei 
things The engaging of men past middle life foi such 
placfs, on the othci hand, confeis a social benefit, and is 
nime satistactoiy to the employri, all things being consid- 
ered Besides making his selections of laborers along the 
lines of sex and age consideiations, the manufactuiei must 
consider the educational qualifications of his employees 

CiASsrs OF L\bokers — All mdustiies require one oi 
moie of thiee classes of laborers as regaids mental calibei, 
education, and training 

I Unslillecl TlojLeis — ^In the continuous industry of 
the synthetic type these men axe used to a veiy gieat degree 
Large numbers of them aie lequiied m steel plants as la- 
borers around blast furnaces, coke ovens, the steel furnaces, 
and othei depai-tments In iirevious yeaxs they weie moie 
•videly used than at the present time Some yeais ago they 
“veie employed m great numbeis aiound paper mills, textile 
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establishments of all kinds, and oiner plants of a similar 
nature, but this type of lahoiei is ceing laigely eliminated 
fiom the steel plant, and he is graa lally passing away tiom 
all plants as a lype of woiker Conveying inachineiy is now 
so extensively used and is so eSici„ it that the unskilltd la- 
boiei is no longei piofitable In the steel plants, he is still 
needed to some extent to look aftei coLe, slag, and othei ma- 
teiials, to shovel dirt and to attena to cindeis, but his days 
aie numbered, not only foi steel "aking and contmuoub 
uidusti les, but for eveiy other type ''f industry wheiem the 
only qualifications are strength and willingness 

In the analytical continuous industiies, great numbers of 
these laborers are required to perform the unpleasant work of 
unloading law siigai, of cleaning out apparatus around the 
sugar, oil, gas, and meat packing establishments They aie 
also necessary as attendants in filing boilers and, before the 
introduction of conveying machinery, were required to carry 
the material from deiiaitment to department Conveying 
machineiy has eliminated the laborer as a draft animal, but 
machineiy has not made it possible to remove him from do- 
ing a number of other impleasant duties In time it will, 
and it IS distinctly to the management’s interest, as -well as 
society’s, to take him away as soon as possible 

In the assembling industiies, the unskilled worker was 
formerly employed to transport the material from the foundry 
to the machine shop and between departments in the shop 
He was a necessary adjunct around the shop to puU on the 
ratchet for drilling holes, to sledge, no chip the rough cast- 
ings and set the material up on the machines for the ma- 
chinist to finally adjust, but now tlie new factory has the 
overhead crane which reaches every part of the shop A hy- 
diaulic lift or chain block can be pxaced at eveiy machine, 
so the laborer is no longei helpful there Likewise, the air 
drill, air hammer, riveting machine, and an -chipping ma 
chine Tjake away his job in chipping, riveting, and sledging 
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In a woidj this laboiei is being eliminated to such a degiee 
that he n ill soon become cs-tinct 

II The inlei nudiute giacU of lahoiei whose qualifica- 
tions in addition to legulaiity and good health must be 

1 Ability to leain to handh niachmeiy of a more oi less 
semi-antomatic type without injuiy to himselt 

2 A willingness to attend closely to such machinery, see 
ing that it IS constantly running properly, and is always 
supplied with mateiial to keep it producing 

3 Ability to keej) the anachinery in his cbaige in good 
lunnuig ordei 

Theie aie thiee types of machines 

(1 ) The machine which needs an attendant merely to 
keep it filled Examples of this type of machine aie 

(a) The endless sciLW-con\ eying device, which mixes the 
vaiious grades of law siigai and molasses so that they become 
bemi-lupud, capable of being pumped from a tank to the top 
of thf building, fiom uhence they aie staited on their lefin 
mg pioeess 

(h) Shears, punchfs, and othti cutting desicis used 
aiound iron woiks, shipyaids, and such establishments to 
cut up sc nip non, plates, punch rivet holes, ole 

(c) Till filtei piessrs in oiluoiks, pottoues, and plams 
ulnch Imw slnuning oi filtei mg pioccssos 

(d) A great nianvautoinalit scirw-making machines and 
nailcutteis Tin S( maehinfs me rely need a lod shoved in 
at one ind fiom time to tune, or a loll of steel une occasion- 
ally staitc d going thiongh the apparatus Everything else is 
done conipleti ly by niachmr i j 

(2 ) The nnichmc that does most of the vvoik but requires 
an ittendant to lie present to make occisional adjustments 
and to see that the machine is running in such a uay that 
the mateiial going through is not bi mg spoiled Evauiples 

(a) The modem timet lathe, wherein tire at'-'iiclant iioid 
only iiut the bolt or nut blanks in and see that as each step 
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IS completed on the machine the succeeding tool is applied 
to do the next step at the proper time 

(b) The modern dull press In some cases the drill piess 
has a gieat number of spindles, so that the one machine turns 
out a number of pieces of work at the same time Heie the 
attendant must be constantly on the alert to see that the vari- 
ous spindles are supplied with material in older to keep the 
entire machine pioductive 

(c) The modem loom — an excellent illustration of this 
type of machine The moie recent loom will stop whenever 
a thread breaks in either duection in the cloth The atten- 
dant must be capable of tying the bioken thieads and start- 
ing the loom at any time He must be deft in handling the 
material and must not mix thieads or get them tangled in 
the weaving piocess 

(d) The modem spinning fiames oi spinning mules 
These do not leqiiiieveiy gieat skill on the put of the atten 
dant, but do need adeptness in handling the fine thi ends 

(e) The slotting and modern key-way cutting m ichines 
of the machine shop The attendant must adjust the feed or 
late of cutting to suit the lequiicraents of the material oi the 
machines, and must be able to select the proper tools foi the 
various cuts The tools aie readily learned and do not vary 
w ith the same material and cut, so that aftei once h arned 
such machines can be run by an ordinary person 

(3 ) The thud type of machines lequnes great skill to 
iiin because such machines are designed either to handle a 
large variety of woik which must be jierfoimed wuth exact- 
ing accuracy or they require unusual steadiness of nerve and 
skill to operate Examples of these machines are 

(a) The large lathes and nulling machines in general 
machine shops These machines get a gieat variety of work 
every day, sometimes they are used to bore out cylinders, 
again to turn shafting, and in fact one never can teU just 
what they may be called upon to do 
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(b) Large planers and shapers are another variety of 
the same clasa of machines They may be used to cut 
grooves, smooth off the top of plane sui faces, finish the sides 
of castings, and the -variety of castings they may be lequiied 
to handle is indefinite 

(c) Steam hammeis in forges, sucli as inalu ship vvoilc 
and other heavy foigings 

(d) The loll sits ■which make steel lails, stiuctuial non, 
ship plates, and othci woik of a similai ty^n 

This thud class of machines lequiics tlie sei vices of the 
thud class of woikeis discussed below 

III A high graiU of ’ililled Juhoi — The woikei need not 
be of poweiful iihysique, but he must be in good health, and 
possess the following qualificatiems 

1 Abilit> to interpret accuiately complicated nistiuction* 
either fiom blue punts, diawings, oi fiom wntten oi oral 
communication 

2 Ability to concentrate attention on details, to use skill 
and patience in accurately cai lying out, in the conciete le 
ality, the prctuied idea of the mventeu eu engincti 

This class of laboni is the most highly skilled non-pio 
ffssional gioupof people m e\istcnc( , and must bo well paid 
Indeed, they fiequently obtain wages which eompaie faior 
ably with the salaiies of teachcis and the incomes of lawyeis, 
doctois, and othei professional men They are needed in 
foundries to make complicated castings, in the pattern shop 
to produce the patterns for the foundry, in the machine shops 
to run the large lathes and machines to -which jobs of varied 
dimensions are assigned Such a man is entiusted with val 
uable material, and if he makes a mistake its results aie far 
reaching A pattern maker once niisiead a drawing, making 
the inlet into the condenser on the wrong side of the condens- 
ing apparatus The pattern ivent thiough the foundry The 
easting came into the machine shop and was machined a.- 
many parts before the mistake was discovered, and it cost 
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the firm some $800 to rectify the erioi In another case, a 
man in chaige of one of the large lathes misinterpreted a 
drawing and turned a certain piece of material one thirty- 
second of an inch smaller than it should have been The 
casting was some forty inches in diametei and seventy-odd 
inches in length The mistake was discovered when it was 
attempted to fit it into the othei parts, and it was utterly 
worthless — a loss of several liimdied dollars to the firm It 
is absolutely necessary for men holding such places to be 
thoroughly equipped To train a man for this rank, he 
must first of all be intelligent, naturally resourceful, and iios- 
sess the innate ability to visualize a described idea To ob- 
tain the development of these latent qualities the workman 
must have 

1 A pieliminaiy education of such a degree that he can 
readily acquire an accuracy in inteipreting instructions In 
a word, he must have a receptive, active mind 

2 He must serve an apprenticeship This preparation 
must be in shops, night schools, and other places where he 
can leam nioie than the mere routine of his tasks He must 
attain the attitude of mind that we look for in the profes- 
sional man, the ability to depend on himself for carrying out 
work, and an unwillingness to jump at conclusions 

The great problem of a manager in any place is to intio- 
duce machinery and so to arrange the work that the im skilled 
worker wiU be unnecessary, and the call for the highly skilled 
man wiU be small Unskilled exhausting toil is so monoto- 
nous that the employee can take little or no interest in his 
duties, and the work itself is so unprofitable that a concern 
caimot afford to give a wage that wall encourage men to be 
alert and faithful The man reasons rightly that if he gets 
discharged he can get as good a job in another place, and if 
he doesn’t find an opening, society will give him a living at 
least, which is little, if iny, less than he is now gettmg out 
of all his exertion 
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An oiganizati n -which mubt have a laige mimber of the 
thud dasfe of workman, the highly skilled man, is likewise 
imdosirablo, not because his seiviees aie not valuable, but 
becaube so much d( pendh on him Hie giadc is so high that 
it IS diflieult to obtain him He is vtll woith his wages m 
aiij oigani/ation if he is eflicunt and does not make ni is 
takts, liut if ho does eri, even occasionally, consideuiblc loss 
may be entailid Theiefoio it is highly dcsuaiili to get 
maihnuiy to do as much of his work as possibh 

The second class of woikoi is the most desiiable The 
advantages of this class aie 

1 A shoit appienticeship makes the man valualile to the 
employei 

2 The employee -with his limited capacity feels his de 
pendcnce on the employ er, and is likely to bo a faithful and 
attentive woikman because he leceives a laigcr income than 
the oidinaiy lahoiei, and could m most cases olitam employ- 
ment only ab a less valuable man in another place 

8 Tlie employee becomes \eiy dexteious in doing one 
thing, and is thus able to turn out a laige product 

It IS possible to ran hut few plants w ithout using raoie of 
the thud class than aie leadily a\ailuhle They are neces 
saiy as bossi s and leaders of the fust ana second gionps, and 
unfoitimately they cannot be developed lapidly fiom either 
one of them Shop managers find themselves seiiously han- 
dicapped, fiom time to time, in getting men -vsfio can take 
charge of departments, who can become gang bosses and foie- 
men in the vaiioiis divisions of the organizatiuiis So im 
poitant has the syiecialization of labor become that the old 
style appi entice in the shop has almost completely vanished 
A few weeks of practice enables a man to ran a loom, hut to 
get a good loom foreman a man should come through an ap- 
prenticeship which has taught him e\ery part of the loom and 
its running mechanism It takes a very short time to leam 
to run a drill press or miUing machine, but it is an exceed" 
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ingly hard proposition to get a man who can tell what classes 
of work should go on the machines, how they should be at- 
tached, how the tools should be adjusted, and a hundred and 
one other such matters It requires little intelligence to 
BGiape m a valve seat, hut it requires skill to set the valves 
of the vaiiety of engines that come into some of the laige 
general shops So pressing has the need of this highly 
skilled class of mechanic become that in spite of the piofit- 
ableuess of the second class, coiporations now make every 
effort possible to encourage young men to advance past the 
meie routine of making goods A numbei of large concerns 
are devoting a great deal of attention to the development and 
teaching of apprentices 

Appeenticeship — ^Tbe General Electric Company of 
bynn, Massachusetts, about 1902 put into operation an ap- 
prenticeship system which has proven to be beneficial both 
to the firm and the employees They organized a special de 
paitment devoted entirely to the training of apprentices This 
depaidment was put under the direct control of a supeiinten- 
ileirt, who was especially qualified to teach young men the 
principles of then trades The company also established 
class rooms in the factoiy in which the boys are taught 
drawing, and are given instruction in engineer ing science 
The training received by a student at Lynn is so broad “that 
the graduate apprentice is prepared to fill a position as a 
skililed journeyman or as industrial foreman in any mechairi 
cal establishment ” ‘ 

The Baldwin Locomotive Works of Philadelphia is an- 
other well-known firm which has established an apprentice- 
ship system They have not, however, set apart a separate 
school or department for the training of the young men A 
learner goes into the various shops and departments and 

1 The Annala of the Amenaan Academy of Political and Social 
Science Vol XXXIII No 1 January, 1909 p 143 
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gath(M‘i kiio^Ufclgo and fxpeiipncr fiom things us they actu- 
!il]\ g(j on in the usual com sp of (\pnts in thr noiks In 
ouIpi to pumdi fin s(\eial chissps of appientices they have 
made pioMsion foi thiPi tlassts of applicants 

of flip Fust Class ■ — The fust class mcludcs 
bo-sb of hovontren yeais ot agr who have had a good common 
school education, and who bind tlipmbplvps by mdcntuies 
(with the (onsent of a paunt in guaidiun in i^afh case) to 
BUM foul jpaib, to 111 logulai at thin nmk, to ohty all oi- 
dris gL\ n thoin by lliP foieinan m others in authority, to 
II cogm/i tlip snppl^ ision ot the him ovpi thru conduct nut 
of th'^ sliop as nell as in it, and to attend such night schools 
dunng tlif hist thin yptiis of then apprenticeship ns will 
teach them, in the hist yeai, elcinontan algebia and gpomo 
fci> , ind in the iPinaining tno yccus, the ludiments of me- 
chanic il diaw ing 

ippiPiituLs of till tspioixl flits '^ — 1 he second class in- 
dentiue is siiniJai to th it ot tlie hist i lass, except th it tlie 
apininlLff must Inne had an advanced giammai school oi 
high-school tiainmg, including the mathematical couisps 
usual in such sdiouls lie iniist bind himself to sene for 
till! i V ais, and to attend night schools foi the study of ine- 
chanual duiMing, at least ti\o ycaiB, unless bo has already 
Huthcifiith aiqniud the ait 

AiipnntKLs of flu Thud (‘lns << — The third-class inden 
tun IS in the foim of an igiennent made with persons 
twent}-one yens of age oi ovei, who are graduates of col- 
lege h, teohnual schools, or scientific institutions, having 
taken couises covering the highei mathematics and the nat- 
uial snencps, ind who desiie to secuie instiuction in piacti- 
cal shop noik 

The indentuin oi agieeinent in each ease obligates the 
conipany to teacli thi mipienticc his art thoioughly and to 
fuinish him oppoitunity to acqinie a practical knowledge of 
mechanical business The fiiiii is also bound to letain the 
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appieniice in sei vice until he lias completed the terms of the 
indentuie or agieement, provided his seivices and conduct 
are satisfactoiy In all cases the firm resoi-ves the right to 
dismiss the appientice foi cause 

The lates of pay in the diffeient classes aie as follows 



Apprentices of the First Class 7c 9c 11c 18c 

Apprentices of the Second Class 9c 11c ISc 

Apprentices of the Third Class 16c 20c 

In addition to the lates mentioned above, apprentices of 
the first class each leceive an additional sinn of $125, md 
apprentices of the second class an additional sum of $100, 
’t the expiiation of then full teim of appienticeship 

By the coinse of tiaimng provided foi in this system, it 
IS believed that a great benefit will accrue to the mechanic 
as well as to the employei To young men who hat e leceived 
a thoiough technical education, the two years’ couise in shop 
woik IS especially recommended ‘ 

Ml F W Sample, supeimtendent of apprentices m the 
Baldwin Locomotive Works, states that the system has pi oven 
quite satisfactory 

‘ Three years aftei the first indentured apprentice completed his 
term there were employed over two hundred graduated, first 
class, all round mechanics capable of assignment to any shop and 
of this number fifty occupied places of responsibility as heads of 
departments, foremen assistant foremen contractors and leading 
workmen It is no longer necessary to go outside of the works 
for any talent desired ” “ 

The Westinghouse Electiic and Manufactuiing Company 
IS another fiim which is laying much stiess upon the proper 


' Circular No 3, ApprenUceshvp System, Baldwin Locomotive 
Works 

“ The Annals of the Amencan Academy of Pohtical and Social 
Science Vol XXXIII, No 1, January, 1909, p 177 
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drvflopmpnt and tinining of young men foi iheu woiLb 
1 1)( > liavp o appienticf ship systems, that of the Tiades and 
that of the Fngin( i iing The foimei is designed for young 
men who liavo not had a technical education The lattci 
IS intended foi giaduates ot technical sthools and colleges 
The diades AppienlicLS am leciiutod fioiii young men 
bttvMin the agi s of 1(1 and 2'3 jcais All undei 21 yeais 
must have then paicnts’ oi guardians’ coiihont embodied in 
thi agiecment which is made witli the (ompany The teira 
ot s( i\ ice foi the Tiades Appicntuc is foui yeais, whilo that 
of tlic engineeiing class is two 

Till* company is geneious in its tieatment of the men 
They aie given veiy fan lemunciation dining then teira of 
service, and aic piomoted from task to task as then capabil- 
ities develop Tlio piomotions are accompanied by giaded 
increases in wages The tiades ap])rentices aie started at 9 
cents pel horn, and at the end of each year receive an mciease 
of S cents pci lioiu until they complete then teim The en- 
gine! iing men aie staited at 18 cents pei houi, for which 
sum they woik one year of the time, oi 2,740 houis After 
this hist year of seivice, they aio lemunciated at the late of 
20 and 22 cents pei hour, the foimer rate being granted foi 
the hist six months of the second yeai, and the lattei being 
foi the next six months 

The film takes caie that the young mm to whom they 
grant the piivileges of appienticeshiii have the fundamental 
naming and nativm abilitj to make propei use ot the oppoi 
tunities Those who desne to become enrolled m the work 
aie obliged to make application in their own handwriting, 
and must tell then father’s name, state bis business, they 
must give their name, age, height, weight, educational and 
othei tiaming, the foreign languages they speak, the degiees 
thev have received, and the schools oi colleges they have 
attended, and no one is considered who does not submit a 
recent photograph 
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While they aie serving their time an exact iccoid is kept 
of their conduct and perfoimance AVithin the plant, ind, if 
they aie tiade apprentices, then outside night school voik is 
caiefiilly graded and lecoided They aie maiked loi woik- 
manship, peisonality, and outside cliss woik A young man 
has an iucenti\e to do his best in every depaitment , because, 
if at any time he becomes incompetent thioiigh neglecting 
his voik 01 studies, or is insuboidinah , he is liable to dis- 
missal Dismissal means be loses both a job and a chance 
bettei bis fiitiiie condition If bo bonoiably completes tin 
term of seiviee, the firm in the c ise of ti ide appn ntiees pn - 
sents a substantial lewaid in the foim of lilOO and a diploma, 
which tells the world that he is competent to follow some 
definite line of u oik The engmeeimg appientices leceivo 

no giatuity, but obtain ceitihcates 

Nothing so cleaily indicates our piogiess both in the in- 
dustrial and educational fields as do these higlily organized 
appienticeship systems This development has taken place 
within the last ten years Indeed it is not that long since 
apprentices in some places weie started in at $2 pei week, 
and raised a dollai oi so every year until they weie earning 
a u eekly wage of $6 by the tune their teinis expired In 
the oldei shops, his tiainmg depended very largely upon the 
caprice of his foreman and his own asseitiveness If he were 
wide awake and insistent upon getting acquainted with all 
classes of work which went on in the shop, he would get a 
good training If, however, he were not a favorite oi a foi- 
waid kind of youngster he would frequently secuie a pooi 
tiaining for a future career 

The writer knows of one plant which still has the old style 
of appienticeship contract, and the trouble it has had to find 
competent foremen, gang bosses, and workmen is evidence 
that a far sighted, generous policy is the most profitable 

Individual Abilitv — ^No fiim can hope to be successful 
if it IS dejiendent upon unusual ability of any considerable 
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poitKin (jf its wmk( is A laige mimbei of firms whoso woil. 
isot such a iiatuie tliiit » formal syslrmof indontme is mad 
\isablo 01 mipossiblo bavi adopted tho policy of supplying 
an undeistudy ot homo kind to evoiy man who has chaige of 
a drpaitiiunl containing a iiumbi'i of men This assistant 
01 h( Ipc 1 ih ox.pootod to a( (piaint hiiiisplf w ith all the duties 
of his chief, and is supposed to act m his aosence In this 
way till idant is nevii at a loss to fill any position whu li 
may Ik vaeah cl m any dcpaitment Ono Itngo oigani/ation 
engaging some 40,000 eiujiloyecs mil not piomote one from 
a loni 1 toahighoi position unless that same man has tiained 
a suboidmati to fill his position This insuies to the fiini 
available noikeis foi oveiy iiossiblo position, and it also has 
a h'licle nej to de vtlop a veiy friendly teeling between the 
he ids of depaitiiiLiits and then assistants, becauhe the de 
paitine nt il heael sops that it is to hib distinct mteiest to have 
capable sulioidiiiates 

Aneithci film takes the attitude of feaimg the coming 
man Evciv tore m m in dn isioii head likes to inipie ss all of 
the supcuoi eifhcris with the ideea that, if ho loaves, the de 
paitment w ill siiffei In a me asuie he spe aks the tiuth, ho 
cause theisei nulnielu ils teeke caie tei have Hibendinatfs who 
possess few of the laigci epialitu^s necdeel by men of mitia- 
ti\ ( The him us a cemw epie lu e la teiiihly liandicapped, and 
as IS to bo expected, the woik m the departments is so 
imsatisfacloi ily peifoinipcl that fveiy few years there is n 
goneial “shikeup” in the plant, entailing the lesignatioii 
and dismissal eif ii laige numbei of tlie departmental heads 
Thus the sboit-sighted iiolicy jiuisued by every one in the 
plant to hold his job is the very thing that is hmdeung his 
personal advancement and the general piosperity of the firm 
This concern has not paid a dividend on its stock for moie 
than a half dozen yeais, while the former company’s stock 
has aveiaged 7 pei cent foi a generation 



CHAPTER XV 

THE PAYMENT OF THE WORKMAN 

In Older to get the maximum pioduct from any set of 
employees, the manager must considei 

1 The best methods of keeping the men efmployed at 
then maximum limit while within the plant 

2 The best methods of making then woik accuiate 

When one establishes a wage scale he should have those 

two objects in mind 

The greatest incentive a naan can have to work faithfully 
IS to be paid according to some scheme wheieby his remu- 
neiation is directly pioportional to his output How to estab- 
lish a wage scale which will yield this maximum output for 
a minimum wage cost is a problem that has tioubled man- 
ager for years 

The oldest scheme of wage payment is to pay the worker 
a certain fixed sum for the time he is employed in the plant 
In the hands of a vigorous overseer thoroughly conversant 
with aU the work m the plant, the time system proves satis- 
factory provided the plant is so small that the foreman in 
charge can keep in constant touch with aU that is going on 
From the employer’s point of view it might appeal that 
nothing can be more peifeot than the time system of wage 
payment, because every increase in output that the man 
makes means an absolute gam to the owner of the plant 
The curves A A' in Fig 24 show how mci eased exertion 
contributes to the profits of the firm, the employee gets the 
same compensation whether he does one piece or a hundred, 
while the employer can see with glowing satisfaction his 
wage cost per unit dropping downward There is but one 
214 
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difficulty uith which the Miiployei must contend in. this le 
miinerati»e htheine The employee will not give his best 
efforts so long as added exertions do not bung immediate 
letiims The only tangible encoinagenient a man has in the 
tune system is that his rate of pay will be incieased from 
time to time as ho dinionstiatcs Ins woith In a large shop 
it IS impossible foi a foieman to be m such intimate contact 
with all the min that ho (an make wage ndpistnn iits that 
i\ ill be sti ictly fan to (’ach indiv idnal It is hnid to meisine 
th( cfficK ncy of i man li-y his goiieial attitude oi by his talk 
)Some of the bist talkcis and ajiparcntly most industrious 
workeis may bo coi faiuied loafeis and the least efficient men 
in the finu’s employ 

The only piacti cable uny of establishing a satisfnetoiy 
time-iate system is to divide the men into gioups or classes 
and fix a maximum ind minimum late foi these classes If 
»a man is valuabk he may get his wages laised to the maxi- 
iiinm within the class, oi hr maybe advanced to anotliei 
class The uagob aie fixed liy baigain between the men and 
the cmployci This bngnnmg may hr done oithei collec- 
tively at the dictation of a laboi union, uhich lixos iniiii- 
muni uage lates, oi it mav be done by the induidual work- 
men fixing then wagi s with the foieman At best, the wage 
adjustment is laigcly guisswoik so far us uuaidmg mdivut- 
ual men foi uhat they do 

Unless there is some means of raeasuung what a man 
does, it is unsafe to depend upon peisonal likes and dislikes 
Heie lies the inlieient weakness of the time-mte system A 
foreman will often raise wages not because a man actually 
produces more, but because he thmks the manmoie eflficiejit 
Mauagus in plants have long appieciated the fact that there 
should be a different method of fixing standards of wage 
payment than on the basis of personal conjectme 

The a-verage man is not inclined to overexer tion Fre- 
quently his chief aim seems to be to do the least amount of 
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work necessaiy to keep from getting discharged oi being re 
duced in pay Foiemen are much annoyed and dims lose 
thousands of dollars through the idleness of men from one 
cause or another A great deal of this lack of energy on the 
part of the men is not due to wilful idleness but to oversight 
on the part of the foienun Men will tiequently get a job 
Lonipleied and wait with perfect complacency until the fore- 
man comes to them with another task In some poorly run 
shops men waste as much as half a day waiting for the fore- 
man to find out that they are ready for a new job Theie are 
also other kinds of time losses Men will fir quently wilfully 
kill time in order to make work last Machines w ill not be 
run to their maximum capacity because to do so will finish a 
job so long before quitting time that it will be necessaiy to 
lift off the piece and adjust another about the time the whistle 
blows One will sometimes see men in day-iate shops actu- 
ally make then machines run without doing anything at all 
m Older to ajipearto beavoiking and so do away with the ne 
cessity of changing a job at some inconvenient time Man- 
agpis of plants are not ignorant of these conditions The 
wilful dishonesty and lack of wiUing coopeiation on the part 
of the employees have made the daily wage system a pool 
means of remuneration for many kinds of wmk Wide-awake 
men rightly reason that if a scheme could be devised by 
which woikmen lose money for idle time, they would not be 
so inclined to sit with bovine patience until then foi email 
finds them out of work and starts them on another task, 
neither would they be apt to waste time wilfully m order to 
start new work at a more convenient season or to save a job 
when work is getting low m the shop 

It IS rational to assume that the lemuneiation for labor 
should be on the basis of all ordinary commercial tiansac- 
tions, that the man should be paid for what he does, that 
compensation should be by the niece-rate system There can 
be no more effective way to prevent idleness, because the 
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idler IS fully as mucli a loser as the firm Viewed fioin the 
woikman’s standpoint, theie can be no more profitable means 
ot lenmneiation Pig 24, on lines BB, shows that on the 
piece-iate system of uage pajment a man automatically 
laises hiB hourly late by increasing the output The fiim 
apparently does not gam diieetly from the inci eased effoit, 
as IS shown by the fact that the wage cost pei piece is a con 
stant quantity (See lines B', Pig 24 ) Piom the dia 
gram one would conclude that the piece late system of wage 
payment would be a system stiongly advocated by the woik 
man The opponents of the piece-iate system aie not the 
employers, but the men Then opposition is based upon 
good leason, and yet, fiom the employe! ’s point of view, it 
16 ahnost impossible to eliminate the objection To fix piece 
lates one must be guided by the capabilities of the em- 
ployees Wlien manageis introduce the scheme they try to 
be fail to the men and estimate the time it will take to per 
form cei tain tasks on the basis of previous time lecoids made 
by men employed on the day-rate system These lecoids aie 
fiom the veiy natme of the case inacciuate, and it is found 
mvaiiably that nearly eveiy one underestimates the work- 
man’s efficiency when he has an incentive so great as that 
offered by the piece-iate system In some cases the output 
of the workman wiU increase seven and eight times his esti- 
mated maximum 

Under these conditions the manutactuier finds he is often 
paying extravagant prices foi labor which is either unskilled 
or semi-skilled in type In these competitive days, he can- 
not affoid to pay exorbitant daily wages to men whose train- 
ing IS of a low order, because his competitors will soon adopt 
a daily wage oi a piece-rate schedule of a very much lower 
wage standard The result is that the jnece-iate system of 
wage payment m mdustiips, which have not been thoroughly 
standardized and developed, has been found esceedmglyjm 
satisfactory, because tlie workmen consider it unfaii to cut 
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their lates, and the manageis find it almost impossible to 
establish a latmg which will be satisfactory to themselves 
and to the employees without considei ible adjiifetmcnt 

The bleak d own of the piftf ra t,Q syslem i s due to tin Jaiit 
tliat it is nnpossible to adjust latos without fi iction Ihn 
men cousidei eveiyi eduction of the puceiate an illiistiatioii 
of tlie employeis' greed, whilothe employers feoltlint tin in 
cieised output is another exaraplo of how grossly omployfis 
ha\G deceived them in the past in oidi i to niishad them into 
paying rxcf&sive i\agi& Both hides feel disgi untied 

Employms nho have rxpfiiminted iMththis svhtem and 
ha\e discoveied the skill a lahoiei posse sses, ha\ r endriuoied 
to apply the thiory of giving a laige incontivo to some one 
uho can guide and dm ct the men and jet pay these woikeig 
idi\ late Them am plants in this counhy iihich apply 
tins hflieme, and cill it the Contiact S ystem. The foienien 
in ehaigp mo gi\en i ci itain puce foi tho woik thej’’ do, they 
hire and dnect the men, nsiially paj ing them on a day basis, 
and fixing then uages at thr lomst jiohsihlo point the men 
vill ague to take Under tho (ontiiut system of nurknig, 
tho foiemen haio Hu ii income based upon thewoik they cun 
git fiom thfso men The schemo bus a tendency to develop 
a body of ali li oveihoeis uho am alwajs aftei the men to see 
that they mo not wasting liiiio either thioiigh la/iness oi by 
incompetence Tlio hjsfem nhen it oporatob makes men 
woik, lait it has tho unpleasant disiidiantage of developing 
slavp-di i\ mg habits Many men mil not stand for such 
treatment, and iinli ss the iioik is of such a nature that a 
rathei low typo of woiker cm be employed and taught the 
tasks to he done, the company is liable to have a great deal 
of tiouble n ith its 1 iboi iindei this contiact system, although 
in boine plants it h is uoiked siiceessfully foi many yeais 
Ml Homy R Totviip , a niimhii of j ears ago, conceiveel a 
scherac whifh his had a profound infliiencn upon pav sjs 
terns because ho mtioduced an incentue rathei lhan a coei- 
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ci\e piocpss to get men to increase then exeitions i His 
scheme is briefly this — find out what has been the a\ eiage 
cost for a gi\cn amount ot output in the best yeai btfoie he 
intioduced the S 3 ’'stem ^V'lth this as a unit he detennim s 
what the labor cost fdi the same quantity has been foi each 
succeeding ycai The diffeience in laboi cost between the 
two gives him tlie savings made foi the fiim liy tlie extia 
effoit of the laboi foice This saving he distiibutes in thi 
following way 60 pei cent is retained by tin fiim, 10 pci 
cent IS given to the foiemen m diaige of the ivoik ns an 
inducement to the m to get men to incieasc output, 40 pci 
cent he distiibutes to the gang bosses andwoikmen through 
out the plant on the basis of then annnal wages The le 
muneiation is given at the end of the ye ai oi at the end of 
some consideiable length of tune shortei than a 3 e ai 

This shaiing of the gain with the men has in it a nnm 
bei of defects, the most impoitant of which aie 

1 The lew aid is lemote 

2 The method of division is not likely to cue omagi gieat 
activity because the men do not mcene shires in propoition 
to then individual effoits 

Some wiiteis have ciiticised the Hjstcni, because it mikes 
the men shaie gams which they say may he due to impioved 
metliods of work oi to hettoi management Theie mai be 
some basis foi this statement, hut Mr Townie’s paper dis- 
tinctly stipulates that the books shall he so kept that any 
impioiements m management will not ho shaied by the 
woikmen save in so fai as they actively assist in the w ork 
The papei specifically notes that it is only fan to shaic with 
the operatives the savings -which then activity makes for tha 
firm 

The icmoteness of the lewaid and the method of division 


1 Transactwns American Society of Mechanical Engine&i s Vol 
X, p 600 No 341 “Gam Sharing,” by Henry R To-wne 
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are, howrvei, smous oljjeetions, and these Mr F A Halse y 
ciicuiTiM ntf d nhen he pu scnted the piemmm nian of i emu - 
neiating hhoi ’ Mi Ililscy belieic d with Mr Towne that 
the woikni'in should he icuaided only in so fai as hi& actions 
louei pioduction costq He, howovfi, appieciites the fact 
that a much both i incentive will bo givtn to iiu n if they aie 
paid at once thi ir exact share of all tin pioiit tlir y make 
Ills sell! mi IS biiefly Huh 

A man is gi\cn a (iitam lati pni houi A pnci of woik 
is assigned to lum which uill be alloucd a certain mimbci of 
houih time in w huh to bt doni If tlie man peifoims the 
woik in a phmtei tune, he will be given a h\ed percentage of 
the vilue of the tiinr sived This extia sum will be paid to 
him as a piemium to his wages, and on that account the 
Halsey scheme is calk d the Pii in nun Plan of Rcmnneiating 
Laboi [[The idea of the scheme is to establish the bliot» on a 
piocr-iat( system, in which the men will be guaranteed a 
cpitun daily wnge^ If the nuinageinint has hxed the puce 
of the unit of woik peifoimed at too high a figuie thi work 
man will shaie hm cxtia inodiictive -value with the nianufac 
tuin m a mannii tliat w^ill not riquiie the cutting of the 
lati In a woid, hy dividing the gains due to his oxtia pio- 
ductivit>, both till maiiufactuior and the woikei piohl, and 
the worki 1 will have no nason to limit his output because 
them will lie no laio cutting 

The lines A A, Fig 25, show how by this system a man 
incieaees his houily wage in a very mateiial waj by mcreas 
mg his piodnctivitv At the same time ho cuts the unit 
price pei piece consideiablj foi the firm (See lines I'A', 
Fig 25 ) The figure shows just how Mi II ilsey managea 
to make unnecessary any cuts in the unit late By his sys 


' Transactions American Society of Mechanical Engineers Vol 
XII p 756 Premium Plan of Paying for Labor,” by F A, 
Halsey 
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tern, the worlanan by mcipasmg hi? wages actually cuts the 
cost of production Hi? only method of obtaining a big 
rewaid is to cut the unit cost Thu? the employer has ft 
decided advantage If we look at the other tcim ot the con- 
tract we find that the woikman is guaranteed a standard daily 
wage, so that he can feel th it he is not on the piece-rate sys 



Pig 26 — Comparison of Halsey and Rowan Premium Plans 


tem If the puce per unit has been set too low, he is not 
compelled to overexert himself in order to make a fair daily 
wage 

The advantages of the Halsey system are 
1 The men are encouraged to produce more by being 
rewarded in proportion to what they do 
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2 The leward is immediate and substantial 

8 The employer, in shaimg the gams of the extra exei 
tion on the pait of the woikei, does not have the necessity of 
cutting the rate in an aibitiaiy mannei, hence the woikinan’s 
mind la lelievcd of the feai of hiving his wages leduced 
arbitiaiily 

A British modification of the system was nut into opeia 
tion by David Rowan iL Com pany Mi Rowan’s wage 
cuiwa is plotted B B on the same diagram (Pig 25) , which 
shows Ml Halsey’s piomiuin plan, while the Rowan piece 
cost IS shown as line B' B' on the same diagiam Accoid- 
ing to Mr Roman’s idra, if a job has been allotted too much 
time, even with the Halsey system, a man may get a remu- 
neiat ion out of all pioportion to the value of thi work For 
example, if a man should be allotted one hour to do a 2iiece 
of work worth 80 cents, and if he should inciease his pro- 
ductivity ten times, with the Halsey system he would get 
|1 20 an houi This is considerably bettei toi the dim than 
hib hourly rate would be witli stiaight piece work The lat 
tei cost would be $8 an hour (See Fig 25 ) Mr Rowan 
believes, liowcver, that even Mi Halsey’s scheme is too 
extravagant in its reward, so he devi&edjii plan of so adjust- 
ing the pi cm Him that e\ery mcicasi in wages should lie equal 
to the percentage the opeiatoi saves on the timej For ex- 
ample, if a job IS allotted one bundled houis and the man’s 
rate is 80 cents per hour, the cost of the work would be $80 
If he does the job in ninety hours, with his hour lati 80 
cents, tlie time wages on the job would be 1127 He has 
saved, however, 10 pei cent of the time, and gets a 10-pei 
cent inciease in wages on the actual time cost Should hr 
do the woik in eighty houis, the time late would be $24 
Twenty per cent time saved on $24, the time cost, would be 
$4 80 A comparison of the two tables will show the wage 
scale (wages rate 80 cents per hour) as worked out by thii 
Halsey and the Rowan methods 
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COMPARISON OP DIFFERENT METHODS OF CALCU- 
LATING PREMIUMS! 


Halsey’s Method 


Hours 

Hours 

Time Waees 

Premium 

Total Labor 

Workman s 

AUowed 

Taken 

on Job 

on Job 

Cost. 

Hoi£ 

100 

100 

$30 00 

$0 00 

$30 00 

$0 30 

100 

90 

27 00 

1 00 

28 00 

311 

100 

SO 

24 00 

2 00 

26 00 

325 

100 

70 

2100 

3 00 

24 00 

348 

100 

60 

18 00 

4 00 

22 00 


100 

60 

15 00 

6 00 

20 00 

40 

100 

40 

12 00 

6 00 

18 00 

46 

100 

30 

9 00 

7 00 

16 00 

633 

100 

20 

6 00 

8 00 

14 00 

70 

100 

10 

3 00 

900 

12 00 

120 

100 

1 

30 

9 90 

10 20 

10 20 



Rowan’s 

Method 



AHow^ 


Time Wages 
on Job 

Premium 

on”job 

Total Labor 
Coat 

"Sr' 

100 

100 

$30 00 

$0 00 

$30 00 

$0 30 

100 

90 

27 00 

2 70 

29 70 

33 

100 

SO 

24 00 

4 80 

28 80 


100 

70 

2100 

6 30 

27 80 


100 

60 

18 00 

7 20 

26 20 

42 

100 

60 

16 00 

7 60 

22 60 

46 

100 

40 

12 00 

7 20 

19 20 

48 

100 

30 

9 00 

6 30 

16 30 

61 

100 

20 

6 00 

4 80 

10 80 

64 

100 

10 

3 00 

2 70 

6 70 

67 

100 

1 

30 

297 

597 

697 


The reader 'will observe that while the Rowan plan com- 
pared with the Halsey metliod does prevent excessive earn- 
ings on the part of the employee when he multiplies his 
output many times, it on the other hand gives a decidedly 

! Trade Unionism and Labor Problems,” by John R Com- 
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grpatei lewaid to the workman until he more than doubles 
his productive capacity Is this a desirable characteristic 
of a wage system f Does not the Rowan Premium tend to 
eneouiage tlie woikmen to lemain at a lower level of effici- 
ency than the Halsey Piemium? To be perfectly fair to Mr 
Rowan, it should be stated that his late is adjusted foi the 
puiposi of making special cuts unneccssaiy If a man loitei s 
aliout Ills woik when tlie late is being set, ho cannot map too 
gieat a liaivcst by “mshing ” The scheme certainly does 
act automatically nil educing output cost, but it seems highly 
pioliabh to the wiiter that men who woik under it would be 
somewhat inelined to “muse” their jobs when they found 
that then added exertions hick nsod their wages so slightly 
IS the system does in the latoi stages 

In IShh, Mr Fied W Tajdoi read a paper before the 
American Society of Mcclianical Engineeis, in which he 
Kcognwed the advantages of the Halsey system and its su- 
jioiiouty met inv pi eviously proposed scheme, but pointed 
out that it hasonc \eiy giave defect — while it eneouiages tho 
woikman to do good woik, it gives only a passive iiicentue 
by not punishing him foi not doing his best In othei 
woids, till Ilalsi'y system peiniits men to gather piemium 
for w ork done, but it docs not necessai ily stumilato a man 
to produce his utmost In oidcr to intioduce this clement, 
Ml Tavloi n ronosed a scheme of wage payment which both 
punishes and rewards, and which he calls the diffeientia l 
mece-iate system Accoiding to this plan, a man is rewarded 
only aftei he attains a cei-tain fixed standard of woik If he 
does not accomplish the job in a given time, instead of being 
paid an oidmary piece-rate piice, he is paid a piece-rate 
price considerably lowei than the one paid if he does the 
woik within the stiimlated period 

If the usual output of a dO cent-an-hour man in an ordi 
naiy shop is one piece in an hour. Mi Taylor would by his 
timing process find that an mdividual working at his maxi- 
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mum rate on every part of the ]ob could accomplish three 
pieces in an hour He -would then fix his late as follows 
Thiee pieces in an houi would be made the standard If a 
man could peifoini three pieces an hour he would get, not as 
he would got in the day-rate shop, tliirty cents an hour, oi 
ten cents a piece, but fifteen cents a piece, oi some siniilai 
amount, for each piece performed so that his hourly late, if 



he leached three pieces in an hour, would be forty-five cents 
If he performed more than three pieces in an hour, say four 
or five, he would still get 15 cents a piece foi every one per- 
formed, so that the woikman, as sho-wn by Fig 26, would 
raise his wages by a fixed amount for every piece finished 
If, however, he could not make three pieces within the allot 
ted time, he would not get 15 cents a piece, or even 10 cents 
a piece He may be given but 8 cents for every piece made 
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below tliree pieces With such a scheme one can easily see 
that it IS very impoitant indeed, fiom the noikman’s point 
of view, to perfoim a laige amount of woik in a day 

This plan of renaid differs from any of the otheis la 
anothci ('ssontial, aside fiom tho diffi rcntial pa ce-iate ides, 
V17 The time allow ed to do the loh isMiy aciiiiiitply dt hi 
mined Tho supeiintcndents of thenoiks make a caicful 
study of tho exact tunc it ni eds to take to do tho jobs, woik- 
ing in tlie (luicki'st knonn ivay, and tlio ivoikmtsi aic alkmi d 
a peiiod pist sufficient to peimit tin m to pi rfomi thi task lu 
the most aiiproved fashion in nhich it can be done Tliu« 
theie aie two ideas imohcd in Mi Tajloi’s clitfi lontial 
piece-rate system (1) a iiumshmint for onenho does not 
peifoim the task, and a leivaid foi tho one who does, ivhieli 
is the method of payment ides, and (2) thoiioikman has 
accurately determined foi liim by his supeiiois the time it 
should tako to do the noik In a subsequent papei entitled 
“Shop Management,”* Mr Tajloi discussis in detail his 
method of ascei taming the time it should tako a workman 
to pcifoim his task Evtiy job is divided into its elemen- 
tary operations, and an attendant, liy mcHiiis of a stop watch, 
observes the time in minutes and seconds it takes a good 
workman to perfoim ( ach jiait Tho total time of the job is 
then fix(>d by adding togetliei the time it takes to accomplish 
all of these elementary steps With the tune thus dotei- 
mined, a task is given which w ill keep a good man busy m 
performing, and yet which is within his possibilities Mr 
Taylor emphasizes the idea that the task must be so hard 
that only a first-class man can perfoim it He gives high 
wages and secures a low labor cost by accurately determining 
the maximum possible output of a woikman, and compelling 
him to reach that standard He utilizes the hitherto unie- 


1 Transactions American Society of Mechanical Engineeis, Vol 
XXIV, pp 1337-1480 
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allied poBBibilities of the laborei by learning wbat those pos- 
sibilities aie, and giving the reward only if they aie attained 
The Halsey system, as ciiticised by Mi Taylor, is defec- 
tive, because it does not give the workman a definite goal to 
leach, hence the high wage paid does not leduce the output 
cost as it should 

In the Amencan JUngineo) and Jiaihoad Touinal foi 
Febraaiy and Decembei, 1906, theie ajipeaied two ai tides 



descriptive of the Santa Fe’s shop-management scheme The 
fiist article is entitled, “Shop Betteiinent and the Industiial 
Method of Piofit Sharing,” by Haiimgton Emeison The 
second article is entitled, “Betterment Woik on the Santa 
Fe, ” wiitten by the staff writers of tlie Joui ml These two 
articles have been tlie source of much comment, and of arti 
cles in othei magazines Mi Emerson has devised a piece 
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mtf? fijstoin, -Hhicli in iminy r< speeds i« analogous to tlieTay- 
loi plan He dftoimiius fiom pu\ious shop records, and 
Ijyacairful hludy ot the best possible \\ ays of pcifoiming 
tlio noik, lio-n long it should iako to do each task as it comes 
into the shop IIis schfino of lomunciation is, houerei, 
diftcienl fioin Ml Tayloi’s as iigaids tlw hisisof payment 
After d< i( niunmg th( ininiraum time it takis io pcifoim a 
task, a man is paid a fixed dailj lato of say 80 (tills an hour 
until he pi ifoims ti\o thuds of the standaid task If ho 
piifoiins tlie standaid task, or 100 per cent, uIikIi in oui 
illustiation rvould be thice pitci s in the lioui, ho is given an 
extra imvnd of one fifth of the icgulii wvges foi tiro opera- 
tion If ho pcifoiiiis moio than two thuds of the woik, but 
liss than the stand ud, ho is likewise paid a gradually in- 
creasing bonus, as shoun bj cuive H on Ing 27 If the 
woikman can jifrfoim inoic than thieo iiieces m an hour, he 
IS print till high price pei piece foi eveiy piece he makes 
ovti the standaid Tin Emeison system differs from that of 
Ml Ta-ylor in one lespi d It is not a piecc-iate s^stc ni un - 
til till man in ifoims at h list tuo thuds of the standaid task 
Betwei n the Halsiy system and the diffiiintial piece late 
s-ysliin, abd(\(lopfd hyMcbsia Tayloi and Emtison, there 
is anotln 1 plan pioposrd by Mr 11 L Gantt, called the 
“ Bonus S\st(mfni Reuardmg Lahoi Mi Gantt’s scheme 
diffeib from the diffenntial sjstem m that it is not a piece- 
rate system, }(t it is like tlie Tajloi sjhteni, m that it does 
bet a definite task for the prison to peifonii If the indi\ id- 
ual iieifi'ims the task within the given tune, he is paid his 
legiilai hourly rate and a certain btipulated bonus Every 
job IS allotted a certain amount of time, if the man perfomis 
the task within this time, he is gnen the bonus, and as soon 
as he finishes one job he is given another, ton Inch he is like- 


' TmnsacUons American Society of Mechanical Engineers, Vol 
XXIII 1902, p 341 
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*vise allotted a definite amount of time The lesult is that if 
a man in the course of a day donbles his ontpnt, he -will get 
a day’s wage phis the bonuses, which are attached to the 
separate jobs he has performed If he fails to do the woik 
within the allotted time, he gets only his day’s wage 

As a matter of fact, it makes very little difference which 
system of wage payment is used Theie is no leason why 
the Halsey system need be a “drifting” system, as termed 
by Tayloi The thing tliat makes the differential piece-rate 
system effective is that the manager of the shop deteimines 
the time that should be taken to do the work, and fixes his 
diffeiential late accordingly Should the manager of the 
plant, wheie the piemimn system is applied, take the same 
means to determine the minimum working time, the premium 
system could be adjusted equally well There are shops which 
have tiled both the premium and the differential piece-iate 
systems, and, after giving both a fair tiial extending ovei 
many months, found the piemium plan considerably more 
satisfactory On the oihei hand, there are shops which have 
ultimately decided upon the differential piece-rate system 
Indeed, the method of payment is not so impoi-tant, if the 
concern can find a scheme that will justly deteimme tlie 
possibilities of a worker The system of wage payment for 
this purpose is a secondary matter The method of obtain- 
ing the possible speed at which a worke’’ can produce is the 
real problem of management, and the real object of all wage 
payment systems should be to lewaid him in such a manner 
that he will produce this maximum 

Mr Tayloi suggests his unit-time study method to obtain 
the speed possibilities of the man. Mi Halsey gets his data 
by studying shop records and caiefully observing the men 
Both schemes have produced good lesults under different con- 
ditions Generally speaking, the unit-time study system is 
successful in shops which handle contracts of a more or less 
unvarying character, and are not compelled to follow exact 
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mg requirements In one shop of a miscellaneous type which 
handled woik that had to be exceedingly accurate, the unit 
time study system, aftei a fan trial extending over many 
months, proved a most dismal failure When men tried to 
make the calculated time, they spoiled the work In another 
shop it has 111 oven successful, yet tlie same man who made 
it a success in the one shop, failed to make it a success m 
the othei , and he had the coopeiation of the management in 
both cases The cause of the failure in the one shop was the 
exacting type of the woik, and in the other the success was 
due to the latlier ciude charactei of the output 

In the shop whole the diffeiential system failed the pre- 
mium system was next tiied, the time being predetermined 
by pievious slioj) lecoids, and by keeping after the men, and 
the scheme w is successful, the very scheme which Mr Tay- 
loi BO sovoiclj condemns 

In his papoi, Mi Tayloi emphasizes one thing which 
should not be iiassed ovei without some comment He does 
not advocate the paying of high wages so much as he uiges 
the paying of wages which are considered high by the aver- 
age workman of the grade he employs His plan is to teach 
a low-grade man to do woik which would othc iwise be given 
to a highly skilled man “The water” (Mi Taylor) “goes 
so far as to say that almost any job that is repented over and 
over again, howevei great skill and dexterity it may reciuiie, 
providing theie is enough of it to occupy a man throughout 
a considerable part of the yeai, should be done by a trained 
laborer and not by a mechanic A man with only the intel- 
ligence of an average laborer can be taught to do the most 
difficult and delicate work if it is lepeatcd often enough, 
and his lower mental caliber renders him more fit than the 
mechanic to stand the monotony of repetition 


1 Transactions American Society of Mechanical Engineers, Vol 
XXIV, p 1347 
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Caie inu&fc be taken not to cany that policy too far 
There aie concerns in this coimtiy employing this means to 
have then work performed One plant has adveitisements 
in papers eveiy once in a while foi men They employ a 
high salaried man, who is nominally in charge of a large de- 
partment, but whose work is delegated to an assistant The 
chief of this department spends so much time getting people 
that he is not in touch with the woik as he should be He 
gets men at a low price, and just about the time they aie 
trained they leave The plant is m a state of unrest and 
irritation at aU times, due to the fact that about one thud 
of the woiking force is always just learning, and is making 
mistakes that cause the gang bosses and foiemen to be 
blamed foi not looking after the men These, in turn, vent 
then spleen on the man who ignorantly makes mistakes 
This concern, however, looks with piide upon its average 
wage rate pei man, and fully believes that it is cairying out 
a soimd labor policy On the contrary, the low average per 
man lieiug xiaid foi work regarded elsewheie as safe only m 
the hands of skilled men is costing the firm deaily in spoiled 
work 

In Older to determine the best way to cany on a plant, 
one should not be guided by any set of opinions oi by any 
one system The manager should know the men’s records, 
the amount of material that is used and wasted, the amoimt 
of defective pioducts letumed by purchaseis, and the per- 
foimances of the machmeiy These are the things which his 
shop accounting system should tell, as the following chapters 
will explain 



CHAPTER XVI 

RECORD OP THE WORKERS 

If the nmnagenunt cstnJhishfs ii fan ^\age scale, it can 
enforce the poifonnanci of good woik liy diHcluiging uuoiii 
potent woikcis, becaiihe well paid nan want to do good rioik 
in Older to hold tlieii jobs It the wage scab is unfiuilylcm 
the MOikmen will be able to find bettci, oi at hnst as good, 
cmplojmpnt elsewhere, so that discharge is no thrrat to coin- 
pel good work under these conditions Assuniing a fan 
r\age scale, how can the management enfoicetho peifoimanco 
of accurate rroik? Obviously, there is but one way, and 
that IS to punish thr woikmcn who turn out pool work 
Good inanagemcnt dictah s nroio than a policy of finding out 
what each man does To havf good wotk trum d out as a 
matter of course, is the goal for which all coin tins should 
stnve, and this can bo done onl> by getting lul of tin ])oor 
men and by seeing that no incompetent intn nie ic cmplo’yed 
To keep good men, rewards must be given either by pioino 
tion or advaircea in wages from time to time To reward the 
right employees, there must be an accurate record kt pt of the 
men fioin the time they enter the plant until they leave it 
For a small shop, a foreman can bo secured who nrx} be 
entrusted with detennmmg the effieiency of the employees, 
oecarise if he is in the habit of being easily deceived In in 
competent assistants, the defect soon manifests itself to the 
management In large plants, how'ever, good foienun aie 
frequently embarrassed by poor workmen, and, man} times, 
poor workmen, after being discharged fiom one dipaituunt, 
find employment m other departments until then delmqiien 
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cies are again discovered If msnflicient record is kept of 
their sei-vice in the plant, they may, after a time, be le-em- 
ployed in the department in which they first demonstrated 
their inefliciency, and even nndei the original foieman 

No ordinaiy peison, ha\ing undei his constant guidance 
three hmidred to four hundred men, can keep in mind all 
past employees It is nothaid to discharge a man if he dis- 
plays inefficiency, but by the time helms pi oven Ins inca- 
pacity, the film loses money, and the man lumsrlt is being 
done an unkindness by being given even jiassive encourage- 
ment to work m a field foi which he is unfitted It is bettei 
for him to be comiielled to discover a place where he wiU 
be serviceable, or to find an occupation moie suited to his 
ability 

Some few yeais ago, there was a plant which did not believe 
in keeping records of its employees The foreman hired 
men whenevei he needed help In one instance, an em- 
ployee was caught idling and was dischaiged He lost half 
a day, was le employed in another department the next morn- 
ing, and at the end of the week, in spite of tlic lost time, he 
received more money for the same work than he would have 
had witli his old job under the other foreman The second 
time he “soldiered” as much if not more than the time 
before, but was ciicumspect enough to be employed veiy 
assiduously whenever the officials approached his vicinity 

Another organization transferred men from one depart- 
ment to another without ever recording such changes in the 
mam office A vacancy once occurred in a department where- 
in a man desired to be located, and he asked permission to 
change The boss signified liis consent by saying, “AU 
right. I’ll send your time to the mam office ’ ’ A week later 
the pay envelope showed that the man was paid for woikmg 
in two departments at the same tune To cap the climax, 
when he reported the overpay, he was reprimanded by his 
former boss, who said, “You might have kept quiet and not 
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have gotten me into tiouble It didn’t do yon any good to 
squeal ” And it surely did not, for the man was now com- 
pelled to wait two weeks foi his next week’s wage, the pay- 
master remarking that it took so much time to make the 
collection 

In orclei to make the foieman responsible for good work, 
both in quality and in quantity, the manager should take 
pains to supply him n ith eflic lent men, and to do this he 
should have a working scheme that will keep propei record 
of the employees In a large concern, this can be done to 
best advantage bj establishing a labor biiicaii A small con- 
cern can safely lot the time department keep a caid-mdex 
record of the men 

The pioblem of the labor-employing bureau may be 
diiided into seieial parts 

1 To select and employ the piopei laboiers for diffeient 
duties 

2 To keep lecord of the employees who are still em 
plojed, with their status as workeis 

8 To keep lecoid of all people who have been employed 
at any tune with reasons foi then dismissal and their record 
as employees 

Tho best basis for good judgment is accurate knowledge 
If an einployei seciiies accuiate knowledge of an applicant 
for a place befoie he hires him, he can save himself much 
trouble and some expi use There are several things a manu 
factiirei should know at once about an employee 

1 Has he any constitutional weaknesses or injuries? 

2 His approximate age 

8 His educational qualifications 

4 His experience 

The fiist three can be gotten pi etty accurately by combin- 
ing answers on the pait of the applicant witli personal obsei- 
vation The fourth one is not so easily determined by asking 
questions, especially if the applicant is inclined to be un 
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tuithful Many men apply for jobs foi which they are unfit- 
ted 01 have had a veiy meagei preparation In one shop ar 
ex-wea\ei seemed a position as a steamfittei by meiely 
stating to the hiring clerk a lot of hypothetical experience 
As i mattei of fact the young man did not Imow the diffei- 
ence betrveen i pipe-wiench and a pipe-cuttei, but he held 
the joli foi SIX months before he made too many blunders 

The safest way to determine a man’s expeiiencc is to 
have him state the names of his foimei employers and people 
to whom one can be lefened who can tell about his efficiency 
and conduct from actual experimental knowledge 

Considerable thought should be put upon the framing of 
the questions on the application blank Poi instance, in 
asking foi the practical exjieiience the applicant should be 
requested to state the tiade or occupation learned, the length 
of time in service, and ivhat was done while in service In 
this way the applicant will give definite information con- 
cerning his woik and will not have a chance to branch off 
into meaningless geneialities Every question should be so 
f.araed that the answer to it must be biief and give definite 
infoimation about one thing 

Some films require the applicant to state age, whether 
married or single, whether he’uses drugs, liquor, or tobacco, 
whether he belongs to a union oi not, whether he is a citizen 
of the country, if he knows anyone in the plant, why he left 
his formei place, the niimbei of people depending on his 
wages, whether he speaks English and can read and write, 
what u ages he expects, what he previously earned, does he 
look foi fiuthei advancement, why he wants to be employed 
by that particular plant, and sometimes even other questions 
One large concern asks no less than forty questions of every 
piospective employee When one goes to that extent he is 
getting data which even it truthfully given would be unnec- 
essaiy for any but tlie most unusual conditions The data, 
howcvei, caimot be depended upon after it is obtained 
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Men, especially those in luuldle life, aie Aer'v apt to niisstali 
tliLir ages b« veiiil yeais ago a laigo conci ni cletciminLcl to 
hnd out the agf s of all of its < inployn s, lioth those nho had 
bf en long in seivico and those who wr lo ]imt being ( nguged 
In hardly any ease did the men state tlu ii exact age Tlir 
youngei men overstated then age fiom one to five yeaiH, and 
the oldoi me n undorstah d thou age five yi ais and inoii In 
one case a man of moie than sixty years tokl tin c hih, “I 
am forty tin ee, and if you tome aiound thirty jiais fioni 
now I’ll still be foity thiee ” 

Men lesent questions of an mquisitoiial natiiii Tiny 
laiely object to stating whethei maiiu d oi single , Imt uhi n 
asked why they want to be employed in tin plant oi wlietln i 
they expect any advances in wages, they feel they au being 
asked what a woikmtm once called “fool cpirstion'' anyway ’’ 
Much moie infoimation can lit obi um d about thr man 
by looking up leferences Romo fii ms make it a point to 
send out blank foims to pievious cmploytis of an applicant 
whom they contemplate hiring Otheis look up the lefci- 
ences of eveiy man who applii s, so that they will liave a 
trustworthy list of available candulatis The hlUi seeking 
infoimation about the employee should bc' fiamcd in such a 
way that the foimoi emplojii can answei vi'iy bridlyand 
definitely questions which will give one a vciy good idea of 
the capabilities and peieonality of a man One foim of a 
letter of this character is shown below 


Dear Sir 


has applied for a place as 

and has given your name as reference Will you kindly answer 
the following questions regarding and if there is 

any other information relating to him which is of interest we 
shall be indebted to you for it 

1 How long was the above man employed by you’ 

2 In what capacity? 

S What was his rate per hour? 

4 What advances did he get, if any’ 
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6 Is he a good mechanic? 

6 Are his habits good? 

7 Is he regular in attendance and industrious? 

8 Why did he leave? 

Any information you give us will be treated as strictly confi- 
dential and we shall be glad to answer requests of a similar nature 
regarding men who give our name as reference 
Very truly yours. 


This letter embodies questions which can be accuiately 
answered with little trouble on the part of the individual 
who receives it Some officials object to telling the public 
or business rivals what wages they pay their woikmeii If 
experience shows that finns aie unwilling to state the wages 
they have paid to past employees it is well to omit the ques- 
tion, and in fact all questions which they believe another 
company would not caie to answer The leason foi leaving 
out such questions is that if theie are too many objection- 
able requests there is a strong probability of the letter being 
Ignored 

After one has obtained full information concerning the 
man, the next step is to keep a record of him as a worker 
No recording scheme is of value unloss it rccoids actions as 
well as opinions By this is meant that one of the most un- 
safe bases for judgment of a man’s ability is what some 
individual thinks of him, unless the estimate is supported 
by evidence which shows the basis foi the opinion 

The scheme which keeps record of the employees should 
do two things In the first place, it should keep accurate 
record of what each person is doing so as to enable the fore- 
man and other officials to place the men to the best advan- 
tage in the plant, and m the second place it should make 
it impossible for men to he put on the pay-roll who are not 
doing the work they are expected to do, or who may not be 
m existence at all 
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A goud f inplojLC must nt It ust 

1 Bo ipguliii in las attendance, piompt in Ins appear- 
ance at fetaiting, and faitlitul in Ins stay in the jilant 

2 Ho must Jif diligent while within tht' plant 

S He must be clhcient 

It -was shown in the pievious chapter how tin plan of wage 
payme'nt eh vt lops Hit diligtiite anel ftlhei(ne;y of tin eni- 
ploytc, but no math 1 what tilt wagi Mlnmt is, uiiltsh it 1ms 
buck of it Hoiiit itieoiding eh -net to keep ii lek olwlmt a pti- 
aon IS doing, it is imposbiblo to gatlit r elata foi Hit istablisli- 
ment of a good wagt s^stim, oi to ehttimine tin eost of thi‘ 
ill tide* , and it is likewist impossible toi tlio managt mt nt to 
asceitain who me the good and who me tht pool tinploytts 
A man is a good man foi tin tiini if his lui'i igt ncoid is 
good, and a pooi man foi the him it his luiiagt ncoid is 
poor The basis foi deteiiiiming his standing slitaild bt , 
“What has he dono?” 

hoiemen aie \eiy apt to make wiong stimahs of men, 
because they do not know their aveiages of ethcii'ncj Foi 
example, in one place tin n> is a bright, capable man who 
has on nnmt lous occasions, in face of eonsieh labh dithculty, 
encted tngines His work lias always been done with ftw 
mt'n, and these not of tin best, yet Ik has not maeln a 
seiious mistake in the electing of si vend eiigincH Thnie is 
another man who on two separate oeeaaions was likewise' 
given some engines to eieet On tin si two occasions it hap- 
pened, thiough laxity on the pait of the ehop nmnagrmenl, 
that he wms able to bonow men from otliei gang bosses, and 
the engines he had to erect w'eie of such a iiatuie that he 
could use neaily all the temporaiy bolts and other material 
which the other gang boss had been compelled to collect in 
Older to erect some previous machines The first man’s in- 
genuity in gathei mg material enabled thi second man to take 
advantage of these conditions, and in addition he used some 
laborers who were not piopeily ehaiged to the job In the 
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course of the erection he made a great many mistakes, had 
holes dulled in the wrong places, which made it necessaij- 
to have them tap^ied out and filled with plugs, he did nearly 
twice as much actual work in getting the cylinders and hous- 
ings in the proper place, and his work all through was de- 
cidedly that of an amateur Nevertheless his engines were 
done in a week’s less time than were the other man’s He 
had established foi himself a record in the plant, and when 
there was an opening for advancement he was given prece- 
dence o\er his rival Workmen in the huinhler positions 
aie sometimes compelled to submit to such conditions The 
foremen do not mean to be unjust They caimot be alto- 
gether blamed for advancing the wrong man, when that per- 
son mikes a spectacidai showing In the case above cited, 
if there had been exact time records kept of all the time ex- 
pended on each engine, theie would have been a consideiable 
showing in faioi of the first man who did not get the leward 

There is nothing so fatal to the discipline of a plant nor 
so disastioiis to its smooth and profitable working as to have 
a body of men iriegulai in then appearance, who come late 
and go out at odd times 

Efficiency is, to a great extent, a matter of faithfulness, 
and, if a firm insists upon legulai and prompt appearance, 
it IS paving the way foi good woik There is only one way 
to stop iiregulaiity — ^make it unprofitable If a film weeds 
out the non-dependable individuals, it will, before long, de- 
velop a good working organization To weed out these un- 
desirables one should have an accurate record of the entering 
and leaving time of all the workers in the concern 

One of the most effective devices of time recording, and 
the one first adopted, is the time check This is used in a 
Variety of forms 

1 The in-board out-board form At the entrance of the 
works are placed two boards, one marked “out-board,” 
placed near the gate, and the other marked “in-board," 
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placed farthei towaul the icoins Eveiy man is as- 
signed a numbered chifk, ■nhich hings with the coiicspond- 
ing numbci on one oi the othi i boiiid nctoiding is he is in 
or out of the woika IMiilo the mrii aio liling in, taking 
their checks off the out boiiid and ]i ingiiig tin iii on the in- 
board, a ivatfhinan stands nuii Iiy to see tliat no oiio t ikcs 
othei than his own ch( r k Tlu gatt is cIom d as soon as tho 
signal foi staiting woik is gn<n, so that no one can get to 
his check aftoi staitinglimo uithout i ailing tho tinickoeptiS 
attention to the fact 

2 A modification of the nboM scheme is to give the men 
actual possess ion of the clu'ck, uhuh Huy chop in a box on 
entering the uoiks Obtaining tlm tiiiii lecoicl hj eithn 
method is a simple matter After Uk plant is staitf d, ill thi 
checks aie m, and the timokcepi i makes arccoiclof thi mini 
heis In the second plan he taki s tlu < lucks into the uotk- 
rooms and returns them to tin men Inthisuaj hi conus 
into actual contact with each uoikman, so tint thoie is no 
possilile means by cvbuh one man can chop auothci’s chock 
into tho box without hi ing di tcckcl 

d The thud pi in dispinsi s with tho cluck Tlu woik- 
man is given a numhei, which hi must annouUK as he in- 
teis a specified gab A ch ik at the outiaucc ciossi s oft tlu 
number as the employee calls it out With this sthcnii , it 
IS impossible foi a man to givi moie than mu nuiiibei, and 
the cleik has an immediate iccoid of the men who aie in the 
plant 

4 While these schemes are effective foi plants of mod- 
eiate size, oi ccheie the woik-iooms are close to the entranci , 
they fail to be thoioughly satisfactoiy when the depai-tments 
become scatteied ovei a large area Unless theie lie some 
kind of a check on the men aftei thej entei the main gate, 
those disposed to shiik w lU take advantage of the opportu- 
nity to waste time in getting to then jrlaces aftei they have 
recorded tlieii entrance To prevent these losses the huge 
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firms have been force d to adopt some plan which would re- 
cord the employee’s entrance into the department in which 
he IS due A check jilan of suimounting the difficulty is to 
have a cleik distiibute the checks at some main entiance, 
and th( n lequiie each man to hang his check upon a boaid 
within the depaitmcnt in which he iswoiking This scheme 
pioves effective in insuiing the prompt appearance of the 
men in then departments, but it involves moie cleucal woik 
than is necessaiy, because it leqiiiies a set of cletks at the 
entrance gates as well as another set who make lecoid of the 
checks as they aie hung in the departments In order to 
reduce clerical work to a minimum and at the same time 
record the time accurately, mechanical devices have been 
perfected 

5 The lecoiding clock The greatest improvement that 
has lieen made in timekeeping devices is the intioduction of 
tlic recording time clock There aie a number of styles aud 
vaiieties on the inaiket, but all aim to 

1 Enable the employee to record his own time of enter- 
ing and leaving the plant, thus preventing eiiors on the part 
of tiinokeepeis 

2 Enable the timekeeper to compute readily the number 
of hours each emplojee has to his credit, thus saving clerical 
work in making up the pay-iolls 

3 Pi event employees from enteiing the departments after 
starting time and leaving before quitting time 

These clocks are often used in connection with a shop 
cost system, and have proven very satisfactory (See Pig 28) 

According to this scheme a caid is made out once every 
week 01 two weeks foi each man The man gets a num- 
bered card, which is iilaced m the rack “out” before he 
enters the plant When he goes to his department he inserts 
tlie card into tlie slotJ., depresses the knob B, which records 
his time of entering The card is then placed on the “ip” 
rack When he leaves the plant he takes the card from the 
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“in” lack, goes thioiigh a siniilai piouhb, and iccouIk his 
leaving tune, aftri which he ])lacrs it in tlie “out” uick 
This caid at the end of the wiek, tuo ucoks, oi halt inonih, 
leooids the total ninnljei of liouia he uas within thi plant, 
and all latnieaHih oi iiiegulai leiumg an atampid in lul 
ink, thiiH calling attention at onee to hia di Imqiionin b At 



By courtesu of Internationa’ Time Rccordina Co EndteoU N Y 


Fig 28 —Recording Clock with Coat Equipment Bach clock can 
conveniently keep record of two hundred people 

the end of e\ery day, the timekeepei enters tlie daily hoviis 
in the total cohimn, so that at the end of the peiiod the 
cauls can leadily be made up and each man given Ins wages 
fiom the lecoid In many cases the hack of the card is used 
as a check, so that the 25ayment is made by meiely having the 
paymastei and foieman sign and countersign the back of it 
In any case, the cards for each man are kejit and filed iindei 
hiB name, thus giving a truthful lecoid of his legularity as a 
woikei, tiuthful because it show's him by his own actions 
and not by a leport of opinions 
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The lecoiding clocks help in making out the pay-rolls, 
and 111 keeping iicctiiate iccord oi the men passing m and 
out of the plant, but if the time scheme does only this, the 
linn has a veiy poor system Good accounting demands that 
no plan is complete unless it can be veiified automatically 
trom independent sonicos Moieovor, one should know not 
only that a mm has been piesent during a ceitain peiiod, 
but also that he was an efficient woiker while he was present 
His efficiency can be deteimincd by knowing what he has 
done with the time lecoided on his time caid 

Seveial schemes may be cited by which a record is kept 
of a man’s actions while within the plant 

1 Send a timekeepei aiound every day to get fiom the 
woikmen the time tliey expend on each lob oi contiact 

2 Have the man list on a caid his tasks fiom the begin- 
ning to the end of the day 

S Have the man recoicl on sepaiate slips of paper for 
each contract tlie hoiiis lie spent on each paiticukr ]ob 

4 Have the office attach to each lob, or piece of material, 
a tag on which the woikman records his name or number 
and the time foi Ins opeiation 

5 Have a multiple part tag attached by the office, so 
made that as each operation is completed, tire workman tears 
off a poiiion on which is stated his operation, number, and 
time elapsed 

6 Have tire office make out a slip foi each operation to 
be iieiformed on every piece of work foi eveiy contract In 
this case the man is allotted the work, and the time is 
stamped when he is given the paper Wlien he returns it, 
it is again stamped, and the elapsed houis and minutes will 
show his time on the ]ob Anothei slip is immediately given 
him, so that he has mapped nut foi him his entiie work 

In the fiist scheme, the timekeeper is sent around to enter 
in a book the time each man spends on each contract (See 
Fig 29 ) The time allotted to each contract may be quite 
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inacGuiatt-, pspecially if the &hop ha& seveial contracts or 
different classes of oideis In one plant where this scheme 
was in operation, the men would gi\ e the wildest kind of 
guesses as to the time they spent on each job Their only 
caie was to see tliat the amounts they apportioned around 
equalled the total time they spent within the plant Coupled 
with its inaccmacy, such a plan entails an unnecessaiy 
amount of cleiical laboi, becatise the time of each contiact 
must be suininainied on an analysis sheet (see Fig 80) be- 



X Contract numbers 


Pig so —Daily Analysis Sheet showing Method of Distributing 
Time 

foie it can be finally allotted to the individual contracts 
(See Fig 32 ) This laboi has been leduced to a veiy gieat 
extent, however, by having the time-book ruled in columns 
foi each contract, and by inserting in then lespeotive col- 
umns the time that the woikmen expended The footings of 
these columns equal the tune expended on the diffeient con- 
tiacts by the end of the week However, in jilaces where the 
shop has a gieat many contracts the time-book inci eases to 
such laige piopoitions, and the ruling becomes so elaborate 
that the columnar books become cumbersome and expensive 
The second scheme of having the men list their tasks on 
a card (see Fig 81) was introduced foi the pmpose of mak- 
ing the men more caieful m apportioning their time, the 
assumption being that if they could record their time as they 
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completed each ]ob they would find it ]iist as easy to be ac- 
cuiate as to be inaccmate in distiibuting their laboi by con- 
tiacts The scheme is weak in that it is almost impossible 
to make men lecoid their houis as they complete their tasks 
In about eight eases out of ten tlie men have then pencils 
and caids securely locked in their tool boxes during the time 
they are woiking Toward the end of the day they make out 
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their time, apportioning the hoiiis very laigely according to 
their fancy The i esiilt of this scheme is that it is no more 
accuiate than the fiist, nor does it save cleiical labor, because 
the caids must be sorted by contracts and then totaled on 
sejiarate contiact sheets (see Fig 32) befoie they can be le 
capitulated In one respect, the card system does save time 
It dispenses with the sei vices of the timekeepei, wlio goes 
aiound quizzing the men 

In the thud scheme, the man makes out a sepaiate sli^i of 
paper foi each contract on which he works (See Fig 88 ) 
Here the time is not apjiortioned any moie accurately to the 
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contracts The men, as a rule, do not make any more effort 
to be exact in their statements because ot these contract 
slips The pads of slips, like the cards, are eithei locked in 
the tool boxes oi aic in the hands of gang bosses, who give 
them to the men at tlie end of the day The sepaiate slip 
system, however, has the advantage of saving the clerks tho 
tiouble of lesoiting the papers to charge piopeilj the time 
to the coiitiacts With tins scheme, the total time foi each 
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Pig 88 —Individual Contiact Time Slip 


contract each day can be obtained at once by one sorting, 
and then by listing on the adding machine the time cost of 
the various operations 

The fourth method There aie two ways in which the tag 
can be used, viz , not as a piodnction oidei, oi as a produc 
tion order According to tlie first scheme, as the woilunan 
gives the piece to the next person in line he puts on the tag 
(Pig 84) his number and the number of houis he worked, 
stating the operations which he performed This bcheine 
tends to make the man more accurate in his statements be- 
cause the tag IS always with the job, and must be hllod out 
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bpfore being handed to the next woikei It 'aaves laboi for 
the clerks in analyzing the time by contiacts, because each 
tag stands foi one contract only, and the total time on the 
tag lepiesents tlie total dnect laboi co&tof the contiact up to 
the last operation perfonned The scheme does not, however 
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Pig 34 — This tag is not detachable It shows 
the length of time and wage cost of each 
operation By sorting these tags by work- 
man’s number one can check the correctness 
of the recording clock or time book 


necepsaiily make the men more accinate, if they desiie to 
deceive , because witli a numbei ot contracts on then hands 
at the same time, some being woiked upon and sonis await- 
ing then efforts, the men, especially if tliey are working 
midei a piemiiim plan oi any kind of piece-rate scheme, will 
be tempted to allot time in such a way that the contracts do 
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not really get charged with their proper shaies of time For 
instance, in one place men were paid a ceitain puce for 
reaming out holes on a certain class of woik They were 
paid anothei puce for reaming iindoi other conditions It 
happened that the time allotted for the fiist ]ob was so very 
geneioiis that m spite of tlie fact that the second one was 
actually iinfaii, themennevei complained because both Linds 
of holes invaiiably went togethei, and instead oi stating the 
exact time it took to do each class of holes they understated 
their actual time where they had the meager allouance, and 
overstated it wheie they hid the geiieioiis one In the long 
run they obtained iinusnally high wages, and the cost was 
exceedingly unfaiily distributed on the woik 

lire multiple pait tag used as a piodiiction oidei is ai 
ranged as in Fig 15 Every piece of woik must go thioiigh 
a ceitain nuinbei of steps oi piocesses If the woiL is stair 
daidized, legulaily punted tags may be attached to each pieco 
of material, as, for example, m a stocking factory If the 
shop manufactures things which vaij , the multiple part tag 
may be printed in blank and the steps filled in on the blank 
as they are peifoimed When a man perfomrs his part of the 
task, he merely tears off the step which he peiformed, and 
then affixes his niimbei with the houis worked In this way 
the time department receives a record by contiact, and like 
wise by men by first arranging all the slips by contracts, and 
summarizing them on the contiact sheet (see Pig 82), and 
then rearranging them by men and canying the wages to 
each man’s personal account This form of tag is very good 
for continuous process industries or for woik of a machine 
Older When, however, it is a question of the electing of 
engines where seveial people work on the job at once, and 
where it takes some time to finish tire job, the tags do not fall 
aU the requiiements, because it is difficult to enter more than 
one man’s number on a space For work of such a character 
a good scheme is to put the task under the immediate control 
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of a gang boss who will be held lesiionsible for cariying out 
the details Tt is well in connection with this plan to use 
Scheme No 0, wheiein the woikman secures fiom the time 
clerk a slip of papi i indicating the task his gang boss gave 
him and the time when he began it As soon as he completes 
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Fig 35 — Tag detachable along dotted lines It 
serves as a production order, besides show- 
ing time of each opeiation 

the task he should be required to return the papei to the 
clerk, who will stamp the time letuined, and the elapsed 
period of diiiation will show the length of time it took to 
perfom the woik (See Fig 36 ) 

In this way, the gang boss need not keep the time nor be 
held responsible for its keeping The woikman cannot ap- 
portion the honis as he fancies, because he can start no task 
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witliout his Older slip, on which must be stamped, as he gets 
it, the time he received it 

In order to use any of these devices to determine the 
efficiency of the men it is necessary to make a lecoid of the 
men Two schemes may be used If the woik is paid on 
the piece basis, one of the best lecords of a man’s efficiency 
IS the amount ot wages he diavvs This lecoid cm be kept 
in a wage-recoid book (Fig 87), wheie the names of all the 
men m each class aie gioiiped, oi an output lecoid may be 
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Pig 36 — Individual Operation Time Slip for each Contract 

made on a sepaiate monthly memorandum output caid 
(See Fig 88 ) 

If, however, the man is paid on the day plm it is neces 
sary to standardize the tasks and compare workmen who do 
similar classes of work If it is hard to standardize the 
tasks, as it is in the erecting of large machines, the gang 
bosses in charge of the erection may be charged with their 
labor costs (see Fig 82), and comparative iccoids made with 
other men who have uoiked, oi aie woikmg, on similar con- 
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tracts The gang boss can be held responsible for too high 
a cost, and if an exact and definite lecoid is kept, he can at 
once be notified when his costs aie ranning high, and be 
asked to gi\e the leasons foi it It there is any complaint 
to make against any paiticulai men, the foreman can shift 
the men reported delinquent to other gang bosses, and if 
through sevoial tiials the labor costs inciease with these 
woikmen, iiropei moans can then be taken to impiove the 
laboi foice This method of compaiison, sometimes termed 
the deadly paiallel, does away with elaborate records and 
obviates the necessity of maiking systems foi the individual 
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Pig S8 —Monthly Memorandum Card showing Efficiency of Piece 
Worker 


men Some finns adopt a system of grades and marks based 
upon an estimate moie oi less aecmate of what each man 
does, and the number of mistakes he makes While this 
scheme may have some advantages, it is, for industrial en- 
terpnses, cumbeisome and expensne to keep up, and it is 
really less satisfactoiy than the report system above outlined 
Of couise, in connection with the scheme suggested, there is 
an individual card kept for the woikman oi foreman, and if 
he 18 lesponsible for any destruction of material oi breakage 
of tools it IS recorded against him (See Fig 88 ) 

A good way to know accurately of a man’s spoiled work 
and mistakes is to have a spoiled work slip made out for his 
work as it is spoiled (See Fig 89 ) This should be signed 
by the workman and the insuector with the reasons for tlie 
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rejection and the slip filed as an original record At the end 
of the month tlie slips can be summarized, and a record made 
on his individual lepoit caid (See Fig 88 ) These indi- 
vidual cards soon indicate to the foiemen the inefficient 
subordinates, who should giadually be -weeded out of their 
departments, and deserving ones promoted as opportunity 
occuis Every time a change is made in relation to any 
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man’s position, it should be entered on his permanent file 
card (See Pig 40 ) At the end of each year the general 
average of the man, as shown by his output record (Fig 88), 
should be entered on -the back of his Permanent Record Card 
filed in the Employment Bureau’s office (See Fig 40 ) 
This last caid should not be destioyed, unless the employee 
IS known to be dead While he is letained in the plant, it 
should be filed in one diawer, and when he is released it 
should be taken out of the employed file and entered in the 
unemployed file, so thatwhenevei a man seeks leemployment 
he can be at once mvestigated Some firms obviate the ne- 
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cessity of copying the woikman’s lecord twice by combining 
the essential features of the two cards shoivn in Figs 88 and 
40, and filing them m the foreman’s oi managers office 
while the men aie engaged, and in event of disehaige or 
quitting they aie sent to the employment office In this way 
the employment office has on ffie only the former employees, 
while the manageis keej) m touch with the piesent help 
This method of handling caids has its advantages and dis- 
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Pig 42 —Chart of Eirors showing Monthly Efficiencies of 
Departments 


advantages It is clieapei in eaids, filing space, and copy- 
ing, but the cards aie apt to become soiled, tom, mislaid, 
and even peimanently lost in the geiieial handling and pas 
sage between departments If the employment office letains 
its co]iy at all times, then the loss of the output card in the 
shop is not so seiious as it is when only one caid is kept 
While the manager should have a record of the efficiency 
of each man in the plant, that is net sufficient He should 
know pist how much each depaitment wastes and loses, and 
what have been the causes for all losses A foieman’s effi- 
ciency is detemiined by his ability to prevent men fiom 
wasting time and spoiling material 





Fig 43 —Detailed Monthly Spoiled Work Report f<w 
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'Tno plans of recoiding defects can be used, either sum 
marizo the errors in tables (see Pig 41) , or make a chart of 
the defects chaigeable to each department according to their 
number or cost, or both number and cost (See Fig 42 ) 
To make the charts involves but slightly added expense above 
the cost of tabulation, because the mfoimation must be tabu- 
lated befoie it can be charted The added advantage how- 
ever, is worth more than the mcieased cost, because a chart 
shows, at a glance, tendencies over periods of months while 
the table compaies for only one month at a time 

If a manager keeps tliese general compaiative records, 
and if, in addition, he has a detailed record of why the 
losses occuiied in each depaitment (see Fig 48), ho can 
intelligently ciiticiae tlie woik of his lieutenants and can 
make changes which wiU be impro\ement& and not mere 
‘shake-ups ” 



CHAPTER XVII 

RECORD OF RAW MATERIALS 

In the process of roanirfacturing goods, two classes of 
material are used, direct and indiieot materials The diiect 
are those which go into the manufacturing of a product, and 
stay with it when it is in its marketable foim The indirect 
are goods used in the process of manufacturing, but which 
nevei become a part of the product In making a desk, for 
instance, lumbei, nails, varnish, lotten stone, sand paper, 
polishing cloth, and other materials are used The lumbei , 
nails, and locks aie part of the desk when finished, while the 
rotten stone, sand paper, and polishing cloths though neces- 
saiy in oidei to put a beautiful finish on the desk, do not 
appear as part of it when ready for the consumer 

In making an engine it is necessaiy to use iron, steel, 
brass, and other metals, and also molds, oils, waste, and 
other materials which are quite as necessary as are the steel, 
iron, and brass, although they aiipeai nowWe in the make- 
up of the engine 

Good management msists upon two things regarding raw 
materials 

1 The gieatest care possible should be exercised in pre- 
venting waste and losses on diiect material 

2 The greatest possible economy to prevent imdue expen- 
ditures for the indirect materials 

To secure maxi m um economy in materials it is necessary 
to 

1 Purchase them from the lowest-priced firms when 
goods are at their lowest prices 
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2 See that the mateiial comes up to the contracted 
standard of excellence in quality 

8 See that the quantity purchased is obtained 

4 See that the goods aie deliveied at the specified time 

5 See that they are pioperly housed and stoied 

6 See that theie is no unnecessary uaste in the plant 

7 See that no losses can occur, except through waste 

In ordei to accomplish these seven ends it is necessaiy to 
have a complete lecoid of the most leasonable supply finns, 
to know the best time to purchase goods, and to have an 
exact checking system 

1 To attain the fiist aim, the pui chasing department 
should be in constant touch with the market from which the 
law materials aie obtained In small concerns, some mem 
ber should gathei infoimation as to the causes that mfluencp 
the puces of raw materials He should find out the seasons 
when they aie cheapest, should know the prices of the \aii- 
ous iisalile qualities, and keep himself informed as to weather 
conditions, crop failuies, and other causes likely to affect 
prices The fiim should also take adiantage of the market, 
e g , if a cotton manufactuiei finds that he can purchase his 
cotton most advantageously during a certain month in the 
year, he should aiiange his finances so that he can acquiie 
his cotton at that time, but he should probably not pin chase 
an entire year’s stock of raw material diiimg a single month 
or so, and then pay storage on his purchased goods and 
interest on the money used to secure them 

Most companies have a regular purchasing agent or pur- 
chasing department to look after securing supplies In some 
concerns, a very strict account is kept of the price quotations 
for every day in the year, and m some cases, the price 
changes aie charted on squared paper, and curves are plotted 
showing puce movements for each day of the year For 
most lines of material, and for aU ordinary busmesses, such 
a scheme is unnecessary Some goods hare highei prices 
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iiiimg some seasons than otheis, and Uie management of the 
plant shoiild endeavoi to huy during the favorable time, al- 
though if he must hoirow funds, the pure he pays for his 
goods will he the market price plus interest, as well as stor- 
age and insuiance 

2 Quite as impoitant as puichasing the material at the 
right time and at the lowest possible price is to have some 
scheme by which one can be certain of purchasing the most 
useful quality of material The common plan is foi the jiur- 
chasing depaitment to establish standaids for all of the ma- 
teiiais to be pin chased, and then have all goods tested befoie 
acceptance Many laige concerns have well-equipped laboia- 
toTies that establish standaids and test all pm chased materials 
m ordei to see that thev fulfil the teims of the specifications 
In many blanches of woik it is not only desirable to make a 
preliminary test of the mateiial, but also to keep tiack of the 
material while it is going tliiough the plant, and to test the 
finished product of which it becomes a part This is espe- 
cially important for plants having no special department 
for testing materials and such goods as aie hard to stand- 
ardize 

It IS not difhcnlt to keep tiack of materials A continu- 
ous industiy plant, which manufactures several styles and 
grades of some textile material, can keep record of the raw 
material which goes into the various lots of goods by num- 
bering the lots and recording specifically the material charged 
to these lots Whoever buys the finished product will have 
the lot number recorded against his name If the finished 
product from this raw material should turn out to be bad, or 
to be unsatisfactory to the customers either in wearing qual- 
ities or m other respects, they will report to tire manufactu- 
rei who is able to tell, by turning to the Index Record (Pig 
44), which shows the customer's name and lot number, 
what raw goods proved to be unsatisfactory, and, as he 
keeps a record of his purchases, he is able to teU from 
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whom he bought the unsatisfactory law mateiial (See Pig 
i5) 

To illuatiate the lecoids needed for an assembling ni- 
dustiy an automobile plant may be selected The parts of 
an automobile aie puiehased fiom \\idely difteient sources 
If the pioduct should xnove unsatisfactory, the mauugei u ill 
hear specific complaints in the toiraof objections about some 
paiticiilai paits of the machine If the defect is real, in- 
vt stigation u ill soon show ul ether it is due to faulty ma- 
teiial or to woikmanship, and if piopei records aie kept of 
the source of the formei, it is not hard to discover where the 
fault lies The fact that the material is bought fiom widely 
different souioes docs not offer any serious objection, because 
the fi.rm, as a nile, buys the same parts from a very limited 
number of films, c g , the engines and engine parts will come 
fiom one oi twofiims, and then piodiicts hive chaiacteiistics 
which soon betiay then origin 

8 See that the quantity purchased is obtained One of 
the most fruitful causes of losses in laige concerns vhich do 
not have a good leceiving system is shortness in neight or 
amount due eithei to mistakes oi open dishonesty on the 
part of then employees and others In order to see tliat tire 
film gets all the goods for which it pays, tlie usual plan is to 
establish a stoie-iooni and to let the ordei go through the 
following routine Have the puichasmg department make 
out the items m triplicate on a special blank, sending one 
copy to the firm from which they older, one to the receiving 
department, and retaining one on then own files When the 
consignment airivec, tlie man in the stoie room should be 
comiielled to take his copy of the order, compare it with the 
invoice, and then check the actual itfms of the invoice 
against the goods leceived, sign the two slips, and send them 
up to tlie purchasing department, whcie they aie checked 
against the purchasing department’s copy, and approved 
The invoice will be sent to the accounting department, which 
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will select the pnvmg day and ciedit the firm for the amount, 
while the other slip will be letuined to the stoie-ioom, where 
it will bo hept on file The stoie-ioom lecords should be 
kept in the foim of some kind of perpetual inventoiy 

A perpetual inventoiy is a lecoid which shows at once 
the amount and -value oi the amount oi value of goods on 
hand at any time (See Fig 46) To ha\e these peipetual 
inventoiies coirect, theie must be kept foi each class of goods 

(a) A statement of all the goods leceived 

(b) A statement of all goods issued 

(c) A balance ol goods on hand 

The accuiacy of the book inventoiy is tested fiom time to 
time by an actual counting and valuing of the stock on 
hand, and a comparison of the lesults obtained by this 
means with the balances shown on the books 

Theie aie two methods of keeping an inventoiy One is, 
to ha\e all the material aiianged in bins and lacks, and to 
have in fiont of ovciy bin and lack a catd oi tag on which is 
placed the amounts of niatenals leteived, with dates and the 
amounts taken out with then dates Two bins aie often used 
to simplify the keeping tiack of the mateiial, one bin being 
used to lecene goods while they are being taken fiom the 
othei When the delivcung bin is emptied, it is used to 
leceue mater nl, uhile the now emptied one becomes the le- 
ceiving bin The double bin idea is good, if there is suffi- 
cient space ivailable in the stock-ioom, because it lessens 
the accumulation of shop-uoin stock 

The recoid lag, houiver, is objectionable fiom two stand 
points In the fiist place, the tags aie so widely distiibuted 
that it IS incominunt to see just how the stock stands, as 
shown by the lecoids It is inachisablo lemove the tags 
fiom the bins in oider to nsceitain tiic situation, because in 
the meantime someono nn> withcli iw things, and, having 
no slip on which to entei withdrawals, fails to make any rec- 
oid, with a consequent inaccuracy in the lecoids It also 
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fieqiiently happens that the amounts aie put down on the 
slips carelessly, and sometimes even by imauthoiized per- 
sons Of course, tins latter difficulty could be overcome by 
not giving access to the stoie-iooms to anyone who has not 
piopei authoiity, or who is not responsible for goods 

An mventoiy witliout these ob]ections is a book ruled 
somevhat according to the foim of Pig 46 The book is 
put in charge of a stoiekeepei oi a clerk, and no ii respon- 
sible person is permitted to take anything from the etoie- 
loom Everything received is entered in the book fiom 
the invoices, and eveiything given out must have a piopeily 
written requisition Both the piiichasmg agent’s authoritj 
checked against the invoices, and the requisitions are kept 
until the books are audited The difteience between these 
two shows the book balance, and should always be lepre- 
sented by the actual amount of goods on hand in the stock- 
room The balance can be verified by inspection, and if, 
for any reason, theie is a disciepancy, an investigation is in 
order 

4 While a firm may lose much on the value of the goods 
purchased if it does not have a well-planned receiving de- 
partment, it may lose the profit of an entire contract if the 
law material does not arme in time foi use vhen wanted 
In order to get material delivered in time, the purchasing 
department should be notified long enough in advance to be 
able to anticipate all needs With an inventory ledger of the 
type shown in Fig 46, the storekeeper has little difficulty 
in keeping the purchasing department infonned as to when 
it should go into the market for more goods Whenever the 
storekeeper finds his balance to be below the minimum limit, 
he must at once report the approaching deficiency, thus giv- 
ing the buyer ample time to replenish the stock The pur- 
chasing agent should see that the minimum limit is set suffi- 
ciently high so that the stoie-room will never be completely 
out of anything that may be needed The usual piactice is 
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to Iiave the stoiekeeper fill out a blank, telling the kind of 
stock needed and the maxiinnm and mmunum amounts car- 
ried These reporte aie made out in duplicate, one for the 
information of the purchasing department, and one to be 
retained by the storekeepei for his own piotection The 
maximum point for the stock is fixed in ordei to prevent 
overbuying 

5 After adequate provision has been made for receiving 
goods and reporting deficiencies in deliveiies and lowness in 
stock, there anses the pioblem of the care of the material 
Losses in material may be fiom three souices 

(a) Bad storage, which causes actual deterioration in the 
goods 

(b) Stoiage which makes it possible for unauthorized 
people to have access to the store-room, and to steal or pilfer 
materials 

(c) Losses through waste 

If goods aie properly stored, the fiist and second of these 
difficulties will be reduced to a minimum If judgment is 
exercised in storing material, it will be found unnecessary to 
ixcrcise the same precautions over all materials It is mi- 
lecessary in a machine shop to store the rough castings with 
the same care that one should exeicise in stoiing heavy ma- 
chinery, and no one would exercise the same caie in stoiing 
heavy machinery that he would exhibit in storing more valu- 
able articles, like brass ware, oil cups, electric-light bulbs, 
and various other similar supplies The latter stock should 
be kept strictly imder contiol, and it should be impossible 
for one to get any of these things without proper anthoiity, 
unless by actually bieaking into some loom or compartment 

Willie lough castings may very frequently be stored out m 
the open, it is inadvisable to do so unless absolutely neces 
sary There is an instance of a concern which had made 
several expensive castings of hollow wheel segments and 
arms, wh^ab it stored in the open in such a way that the hoi- 
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low amis weie turned upwards In the course of a severe 
winter, which had maDy changes in temppiatuie, the arms 
became filled witli water which fioze solid, and split them 
beyond all possibility of lepaii, entailing a complete loss to 
the company Had the foreman in charge taken the jirecau- 
tion to cover the openings with boards, it would have pre- 
vented the water fiom getting in at aU 

Theie are certain fabric goods, such as law wool, cotton, 
and yarn, which must be kept from the weathei, and yet 
which aie of such a nature that there is no necessity for tak- 
ing special precautions to prevent petty thieving Workmen 
have little use for these things in small quantities, because 
they cannot sell small lots to advantage, and, it is hard for 
them to dispose of large amounts, because they usually have 
to establish relations with people who will dispose of such 
materials foi them Silk, however, must be veiy Qarefully 
watched because of its value 

The material on hand should be studied with leference to 
the liability of pilfering The stoiage-iooms should be so 
arranged with shelving and lacks that the mateiial is at aU 
times easily accessible for inventory, and is at the same time 
kept from contact with vermin, overheat, dampness, oi any- 
thing that will hasten the deterioration of the goods 

Besides arranging the goods so as to be available, safe 
from tlie weathei and secure fiom theft, the storekeepers 
should so arrange the material that it can be found by a 
comparative stranger There are two methods of doing this 
One IS to arrange the mateiials according to some alpha 
betical plan, as for example putting all brass work, bolts, 
buckets, brooms, etc , in one section, the next section fol- 
lowing with articles beginning with C, and so on For a 
small shop, where the variety of goods is not laige, this 
scheme is sufficient If, however, the amount of stores is 
large, or the vaiiely extensive, of which some are being called 
for constantly while others are not so much in demand it is 
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wise economy foi the stoiekeejDPi to put the former mateiia] 
close at hand, and the less used in the more remote places 
When this scheme is adopted, the best plan is to number the 
bins in some well lecognized Older, and to have an index 
book, which lists all the material according to name, size, 
and quality oi otliei relations, and states, opposite the de- 
sciiption, the number of the bin or section in which the 
listed material is to be found Such a scheme saves much 
space in storing, and the goods aie convenient to find and 
easy to handle 

6 and 7 Aftei the goods have been propeily stoied, care 
must be taken to pievrnt loss of inateiial by unnecessary 
tMihte and theft Both ends can be accomplished by the same 
method, piovided piccautions aie taken to keep everything 
unclei the absolute contiol of the stoiekeeper, and to hold 
him ipsponsible foi the pioper issuance of goods 

A complete reuoid of materials taken from a stoie-ioom 
may be kept m two ways One is the vouchei oi requisition 
plan, by which the person leceives the goods upon the preaen 
tation of a piopeily authorized voucher The othei scheme, 
the budget sj stem, does not permit the issuance of materials 
on vouchei P The two iilans require explanation 

Foimeily foremen and worlmien found all supplies open 
to them toi the more asking Many shops and mills at the 
present time may be found wheiein the woikmen need only 
to make an oral lequest, and stock will be given out without 
fuitliei ceremony In such plants, the stoiekeepei attempts 
to make a recoid by charging the value of the mateiial to the 
contract on which the workman says he is employed The 
scheme is so loose that men fiequently obtain many things 
which they do not use foi their work at all In one instance 
tliere weie men woikmg on some things which were exceed- 
ingly giimy and oily Their hands became ingiained with 
the dn-t A happy accident levealed to them that the giime 
could readily he lemoved by the application of lard oil 
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At some time every day, wliile they worked on that 30b, the 
stoiekeeper issued to each man about a half pint of the oil, 
presumably foi the contiact, but which they actually used to 
clean then hands At that time lard oil of that quality cost 
about $1 a gallon 

No one who has tiled the plan of unrestricted issues has 
found it satisfactory where the law products possess any ex- 
changeable 01 usable value, outside of the shop Losses in 
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stores were found to be inevitable, and it became customaiy 
to give out stores only to workmen having authoiity fiom 
the foreman in charge of tlie department, 01 fiom some other 
authorized agent In order to carry out this scheme, shop 
accountants devised the ]ilan of putting m the hands of 
the foremen legnlaily punted requisitions raled much like 
Pig 47 

A woikman desiring anything for his job, applies to the 
foreman 01 his cleik, who fills out a blank, stating the ma- 
terial, With the amount which he wants given to the man, and 
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then signs the slip The storekeeper with this authority 
issues the requested goods In small shops, where the fore- 
man has comparatively few things to look after, this scheme 
can be used with excellent results Men will not call for 
goods or supplies which thej do not need, since the foreman, 
being held lesponsible foi all goods given out over his signa- 
tuie, IS not likely to authoiize the older without good leason 
When, however, a shop becomes laige, thf* foiemen are apt 
meiely to Sign then initials in appioval of leqiusitions made 
out by the men There aie shops which use the lequisition 
system with very jiooi results In one plant wheie this 
scheme was in operation, the men were building some ma- 
chineiy winch lequired the use of candles One or two of 
the woikmen found after a few trials that the foreman gave 
his approval without trying to remember whether the mate- 
rials had been duplicated in a previous voucher, and without 
giving much attention to the items in the list The 0 K 
maik was given in a perfunctoiy way, thus the woikmen 
could get the goods by going thiough a mere formality 
Two men every day made a regular practice of getting some 
lalf dozen candles each, which they put in then dinner pails 
and look home Others obtained biass by the same method, 
others mcandeseent lamps, and the stoiekeepei, who would 
ordinal ily have been able to check these losses, was unable 
to do so because there were, on an average, several bundled 
requisitions daily It kept all the store’s cleiks busy deliv 
eiing the amounts authorized without doing anything moie, 
even had they felt so inclined 

In a large shop it is asking too much of the foreman to 
expect him to look aftei such leaks His mam work should 
be to see that the men aie supplied with the equiiiment to do 
the wuik, that eveiybody is being pioperly employed, and 
that the woik is going along with the least possible fiiction 
It he is asked to do anything else, these important matters 
must suffer The storekeepei can hardly be asked to pass a 
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3udicial decision as to whethei or not a man should have the 
supplies called foi on a properly authorized voucher If he 
IS expected to go back of the voucher, then it is he and not 
the foieman who really has the autlioiity to issue goods 
This woidd entail endless fiiction and needless waste of time, 
and would cost more than the saving would be worth The 
fault IS not Avith the men, but with the system 

Since the requisition system fails in checking losses, a 
mimbei of shops have sought foi some othei device The 
requisition system would have succeeded had it hot n possible 
to prevent oideis being made out foi moie than the requiie- 
ments of any job, because the storekeeper can bo held le- 
sponsible for all ovei-issues, though the foieman caimot 
Tho piobleni was to intiodiice a system that could utilize the 
storekeepei ’s possibilities and obviate the need of depending 
upon the foieman 

In order to construct a large engine or electrical geneiatoi, 
engineer b must caiefully draw up plans months in advance, 
and must show to the utmost detail everything which enteis 
into the firm’s piodiict In these plants the great losses have 
occuiied through the requisition system In textile plants 
and continuous industry plants the vouchei system has been 
very successful in stopping all unnecessary waste and losses 
In othei concerns, however, where it has not proven a suc- 
cess, the manageis can use the very disadvantages of the 
woik to aid then pu "pose In the draw ing-ioom after the 
drawings and plans are all completed, clerks go over the draw- 
ings and make lists of the material which goes into the fin- 
ished product This must be done in ordi r to let the piii- 
chasmg department oi agent know just what to buy Copies 
of these lists of materials are sent to the foiomen of the vaii- 
ous departments so that tliey may know what to prepare for 
m the forthcoming new work Someone hit upon the happy 
device of having several copies made of the lists of materials 
One of these was given to the storekeeper The list for each 
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contiact la ruled ag in Big 48, and is given to the stoie 
cleik with the following instructions “Issue mateiial to any 
responsible voikman who calls for it, provided the goods aie 
listed on the sheet, but take precautions to get the woiknian’s 
niinibei against every amount of goods he takes out When 
the list has all those items checked oft, issue no more goods 
unless spoiled mateiial is returned, or some satisfactory ex- 
planation comes fiom the foreman over his signature as to 
why the extra material is needed ” 

This 18 the budget system, and it has a number of advan- 
tages 

1 It absolutely prevents stealing, because no one gets 
goods unless he is responsible for them 

2 It lessens waste to a remarkable degiee, because any 
unnecessary calls for material are at once noted, and lequiie 
much caiefiil exidanation as to why they aie required, and 
men are not apt to be careless when they find then actions 
subjected to such close sciutmy 

8 It inevitably bungs sciutmy and questioning when the 
loss occurs A man cannot shift his responsibility 

4 It enables the storekeeper to tell well in advance 
just what mateiials he needs, so he can get ready for the de- 
mands 

6 It lessens the accounting, because it eliminates the 
handling of the voucheis, then listing and adding at the end 
of every day In fact, the stoiekeeper can make up his books 
days in advance if he so desires 

6 It enables the people in charge to keep close watch on 
aU material, because by it one can predict what should be 
the condition of the stock at any time, and, if it is not in 
that condition on the ayipomted day, explanations must be 
made for shortage in stock oi foi delay in completing the 
contiact 

To be sure, it has some disadvantages 

1 It cannot be operated successfully unless the actual 
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amounts of mateual needed for any undertaking can be 
closely estimated 

2 In special emeigencies it does not woik fast enough 

On account of the former defect, shop manageis use a 
modification of the budget plan to keep a watch on inateiials 
like oil, waste, and things which cannot be definitely allotted 
to ]obo An appioved plan in use to pievent extiavagance is 
to issue to each man a ceitam amount of these mateiials 
every week, and gi\e him no more until the next distribu- 
tion daj One fiiin adopts the scheme of giving the flooi 
hands a couple of pounds of waste cveiy Satuiday, and pei- 
mits them to liive then oil cans filled on ceitain scheduled 
dajs Those i ho ha\e chaigo of the machines aie given 
diffeicnt allotments, and aie permitted to get oil at any time 
they desiie 

In a shop wheie laigo woik, made up of many paits, is 
being handhd, oi wheie theie is a gieat number of regulii 
ordeiB going thiough daily, the budget system is withoul 
question the most ellicient mateual iccoid that can be de 
vised There are conditions, however, when the system be- 
comes an aimoyance and expense if liteially earned out 
Suppose, foi an extieme instance, that an uigent leiiair 30b 
is brought into the shop about Saturday noon, after all the 
cleiks and diaftsmcn have left until Monday morning To 
wait until the comiilete lists of mateiials aie made out for 
such a cose would be stupid folly, for the plant which needs 
the lepairs will want to he lunning by the time the cleika 
would 01 dinar ily have the budget leady to send into the shop 

For lepaiis 01 special rush oiders of anv kind, a good 
plan to pievent loss of mateual and at the same time get the 
woik out 111 a hurry is to give the foreman or some lespou- 
sible official in charge of the departments the privilege of 
making special requisitions foi such emergencies After the 
contingency has been taken care of, the special leqnisitions 
can be assembled and the amount of used material accurately 
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determined and piiced If, on comparing the issues and 
costs, as shown by these special vouchers with similai lepair 
pbs or oidiiiary output, it is found that the issues have 
been unusually laige, an investigation should he made and 
explanations sought While such inquiry does not of coiiise 
prevent loss oi waste on a contract that has left the shops, 
it tells tlie management who is responsible for losses, and 
if tire man at fault docs not prevent future ovei issues, he 
should be discharged 

These unexpected difficulties are apt to aiise at any time, 
and no system can be de\ ised to take care of them all in the 
oidinaiy loutine, witlioiit either delay oi fiiction, oi both 
Foi such instances every system should piovide some short 
cut, as above outlined It is undci these conditions that the 
inaiiagei pioves Ins woith In fact, he is not really capable 
of filling hiB position unless he knows how to make shoi-t 
cuts at the piopei time, and ]ust when he should modify his 
standaid system, nhatevei it may be, to take care of miex« 
peoted events 



CHAPTER XVIII 


EEGORD OF FINISHED AND UNFINISHED 
GOODS 

Aftpr providing for keeping tiack of the laboi foice and 
of till raw niatenals, theie stiff lemain the paifcly finished 
goods, the finished goods, and the machmeiy, including 
equipment It is necessaiy to keep tiack of the partly fin- 
ished goods foi seveiaf reasons 

1 To keep the management informed as to the probable 
time when vaiious goods wifl be ready for deliveiy 

2 To keep track of the approximate value of the goods 
at any time 

S To determine whether departments are over or under 
equipped with men and machmeiy 

4 To enable the management to determine the value of a 
new contiact and to localize waste m production 

Fust, it IS necessaiy to know the approximate time when 
dehveiies can bi made, in older that the company may be 
able to satisfy customers as to its ability to delivei goods 

Second, it is highly desirable to know the value of any 
goods up to then particular state of completion, because it 
enables the management to determine what are the most ex- 
liensive steps in the process, and makes it possible to de- 
ter mine in case of fire what his losses have been in partly 
finished goods 

Third, it IS well to know which aie the undeimanned and 
equipped and overmaimed and equipped departments with 
relation to each other One cannot be too careful as to the 
way in which money is spent to balance the plant If a con 
cein does not know its strong and weak points in production, 
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it IS :u danger of spending money uselessly oi of giving 
appiopriations to some well equipped dejiaitment for fiirthei 
impiovenicnts, which it leally does not need and cannot use 
because of the condition of the lestof the plant Tine econ- 
omy does not consist in buying the latest impiovements m 
machmeiyimless the whole plant is fully capable ot utilizing 
the inipiovement to the best advantage 

Partly finished pioducts giv( use to a complicated piob- 
lem of accounting Goods bought at a ceitain puce as law 
matennl have then \aluB constantly mcieased by the addi- 
tion of laboi, powei, and of certain costs in the foim of over- 
head expenses, insuiance, leseives foi deiireciation, inteiest, 
and the like One day tlie goods are worth litth moie than 
the law mateiial A week latei they may be completed If 
a particulai kind of pioduct is being m\nufactuied, vaiious 
amounts of a laigo oidei aie woith different values at the 
same time, because the mateiial is going through in lots, so 
that it IS not in the same state of completion at any given 
period 

Piom the standpoint of the natuie of oiders tent into 
plants, there aie two kinds of manufactuiing possible 

1 Poi a geneial stock from which the goods aie taken as 
the sales are repoited Examples of this type aie furmshed 
in the makmg of hats, shoes, textiles, fumituie, pianos, and 
almost all oidmary goods consumed m a community 

2 Poi a siiecific contiact, as illustrated in the produc- 
tion of locomotives, laige machmeiy, steamboats, and in 
building opeiations 

If it be desiied to keep close watch on all the goods in 
the partly finished state with tlieii degiees of completion, 
there must be a perpetual mventoiy oi recoid of unfinished 
wOik To accomplish tins, it is necessary to cany into effect 
two ideas that have been foimd imperative elsewheie foi the 
attainment of successful management 

1 Divide Uie plant into departments 
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2 Use the pioduction oider and lia\c each finished (oper- 
ation leported hy departments to the accounting division 

The departmental inithod of running an oiganization 
lb to divide, the establishment mto a nuinbLi of sictions 
Each division is imdei a foieman, who is held icsponsiblo 
foi a certain numbei of steps in the process of mamifactuie 

The production order is an instiument, oi a senes of in 
struraents (see Figs 86 and 36), made out by the cential 
authority, piesontmg m written form the instiuctions to be 
follow d in vaiioub departments of a plant in ordei to jno- 
diice a given commodity It may oi may not be a part of a 
voucher ni budget system The production oidei, in itfe 
htiictest sense, only tells what things shall be done, it does 
not necessaiily keep tiack of material used However, whei- 
eiei a piodiiction oider plan is used, it almost always com- 
bines with it some kind of a material lecoid, and whene\fr 
the liudget system is put into opeiation, it invariably useb 
some foim of the pioduction ordei This instrument follows 
the goods through all the deimrtments in the manufacturing 
process, and ns they jiass from one to the othei, the order 
can oe made the basis for keeping record of the work as it 
progresses through the plant To do this, one need only le- 
quiie each manufacturing division to notify the accounting 
efface of the number of production oiders leceived and the 
amoimt of work expended on each order during the day 
This can lie done in connection with the material budget and 
time-check system, and in fact is usually a part of the time 
record scheme * In this way the officials of the concern 
have a constant exact lecord of the value of goods in the 
process of inanufactuie 

The simplest lype of plant is one which manufactures a 
product like sugar or refined oil The product comes into 
the plant in a bulk that can easily be measured, and is 


1 See Chapter XVI 
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passed fiom one department to the other, either by pumps 
or gravity The quantities can be definitely measured, al 
most if not quite automatically, at the end of each step in the 
process by simple legisteiing devices on the tanks, convey 
mg tubes, oi receptacles Nothing need be handled The 
only attention required is to see that the machinei-y is in 
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condition Of couise, there may be wastes in the chemistry 
of tire piocess, but, if tliese aie once revealed by the scientist, 
the measiiiing gauges can he made to show then importance 
In such a iilant, the task lesolves itself into making a 
permanent record of the jirodnct of each department, as 
shown by the weighing of the solids and the readings of the 
registers on the tanks, stills, boilers, and other holders of 
the liquids, and the length of time each amoimt took to pass 
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through every particular step in the piocess If these slips 
(see Fig 49) foi each day’s work are sent to the cost clerk, 
he can add the direct labor cost on each portion of the prod- 
uct, and can apportion the percentage that the said depart- 
ment carries of the managerial expenses — ^lent, taxes, inteiest, 
depreciation, lepairs, and tlie like, and thus determine unit 
costs Each department can be required to fill out forms 
like Pig 49, and, at the end of the day, send them to the 
cost clerk, who can enter them on a cost ledger sheet, ruled 
something like Fig 60 

In a plant of this charactei, where nothing is sold except 
from general stock, it is desirable to know what has been the 
amoimt of waste in different mixtures, as well as then stage 
of completion within the plant The foimei can be deter- 
mined veiy readily by making note of the total amount of 
thevaiiouB ingredients of the mixture, and noting at the end 
of the process the total amount of the different kinds of fin- 
ished products obtained from this mixture If accurate 
ledger record is kept of the material as it passes from one 
step of the process to the other, one can tell, by meiely look- 
ing on tins summary page, the amount that has been received, 
the amount that has passed through, and the balance on 
hand One can also tell the extent of the loss that has been 
entailed in purifying the product to any paiticular degree 
If, at any time, a new order should come in for a lot of ma- 
terial, 01 if a cargo of new raw material should be delivered, 
the manager of the plant can turn to the ledger sheets and 
ascertain ]uet what is the condition of the orders under way, 
and how soon he can utilize the raw material awaiting his 
disposal, 01 how soon he can deliver any unusual orders 
The ledger can also tell him whether or not one department 
IS smaller in capacily than it should be to bring about the 
best results for the firm In fact, the ledger, if well kept, 
affords ]ust as accurate an inventory of goods in piocess of 
manufactoire as of the raw materials 
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In the manufacture of hats, shoes, fuiniture, and similar 
materials, there is a more difficult problem The product 
cannot be measured in bulk, and the time taken to manufac- 
ture cannot be recorded for each lot in a gioup way The 
commodities are made up of pieces which must be handled 
as units, and the steps m fabrication are such that each 
product must be acted upon separately by the attendant at 
each machine 

A good way to keep account of products of this iype is to 
pass them through the factoiy in small quantities Hat fac- 
tories, shoe establishments, and textile mills divide then 
products into lota which may include pieces of so many 
yards, oi comprise one, two, three, oi moie dozens units oi 
pans A production order is written out foi each lot of 
goods, and two methods may be used to lecoid the exact 
condition of the lot in the process 

1 The production order may be aiianged m the foim 
of a tag having detachable slips (See Pig 86 ) As each 
operator finishes his step in the process, he detaches his poi- 
tion of the tag, and sends it to the accounting department, 
where all tags are summarized on a partly finished goods 
record sheet for goods which pass thiough departments in 
lots (See Pig 61 ) To determine what is in each depart- 
ment by Pig 61, one need only note the number of lots 
which have been received, but whidi have not been passed 
on to another machine oi step If one of the departments 
has received a great number of lots and does not seem to be 
delivering them as rapidly as they are turned in to them, the 
management can at once search out the reasons, which may 
be lack of men, insufficient machinery, or may need more 
abihty on the part of the foreman to get the work out 

2 According to the other scheme, a tag or slip is made 
out for each operation (see Pig 86) , and every day the fore 
man of each division makes a list of the jobs he finishes and 
then gives this record to the accounting department In tha 
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accounting department these totals may be summarized on a 
sheet like Fig 52 This sheet gives the head of the plant a 
good idea of what is going on Some firms use this balance 
scheme to veiy good purpose A certain laige wagon manu- 
facturer calls together all of his foiemen every day, and has 
them list on a big blackboard then receipts fiom and deliv- 
eiies to eveiyothei depai-tment, with then balances on hand 
If any foreman is short of goods or rans below Ins standaid 
amount of receipts, he lecoids his deficiencies m led chalk 
If his receipts and balances of goods are unusually laige, he 
lecoids them in blue chalk The lesult is that each foreman 
knows what every one else is doing, and the manager of the 
1 lant having all the foiemcn togethei, can discuss uith them 
why they are deficient If anyone is to blame, the difficulty 
can be located at once, and remedied with remarkable lack 
of friction This latter scheme of handling material can be 
used very effectively in assembling processes 

This chapter has advocated the use of the piodurtion 
oidei form of tag oi slip, to gather the time of each contract 
on the summary books (See Figs 85 and 86 ) While this 
IS in most cases the best scheme to employ in machine shops 
and similar plants, these ledgers can be used iii connection 
with other kinds of timc-slips like those illustrated in Figs 
31, 88, and 84, or even with the daily contract time-book 
(Fig 29) 

The work of gathering the material on the ledger sheet is 
practically the same in each case A ledger sheet of tins 
chaiactei shows the length of time the work has been in each 
stage of the piocess, and gives the management some idea 
when it should be finished 

The general question of cost accounting is not imder dis- 
cussion here, but if recoids are kept in the mannei indicated 
by the chapters on keeping track of the labor and keeping 
track of the raw material, it lequnes little or no added ex- 
pense to fill m the column shown on these ledger sheets for 
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detei-mming exact labor and material coate Indiiect ex- 
pensee and poivei costa will have to be apportioned fiom the 
geneial books to tlie plant’s output 

To keep track of the finished product, little need be done 
In oidinaiy entei puses the shiirping depaitment leceires all 
its finished goods fionr its onm factor j Some businesses 
aie of such a nature that the product is shipped as soon as it 
IS comploh^d, but where stock is kopt on hand, the keeping 
of an inventoiy is quite as iinpoitant The following for- 
mula suggests an efficient metliod of keeping such an inven- 
toiy 

[Amounts received fiom factoiy (both quantity and 
value) -j- Balance already on hand (quantity and value) -|- 
Retuins (quantity and value)] — [Sales (quantity and value) 
-f Amounts given out, but not sales, as gifts, etc (quantity 
and value)] = Inventoiy on hand (quantity and value) oi 
(A -f B + R)— (S -f G )= I (See Pig 58 ) 

To make any inventory thoroughly lelirble, an adequate 
system of original lecoids should be provided in addition to 
a proper sunimaiy record rn the ledger A very good plan is 
•CO have the shipping department give a receipt for every con- 
signment of goods received from the factoiy The receipt 
should be made out m triplicate, one copy being retained by 
the foreman of the factory, one by the shipping department, 
and the thud sent to the accounting depaitment, to be used 
as a basis for the ledger entries, and to be filed away for 
reference 

Wlien the shipping department receives goods returned 
from dissatisfied customers, or from any other source than 
the factoiy, another form of receipt should be made out in 
triplicate, one to be sent to the customer or source from which 
return comes, one to be letamed by the shipping depaitment, 
and one to be sent to the accoimtmg department 

The shipping department should send goods out only on 
receipt of an order from the sales department The sales oi- 
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deis shoT.ild be made out in triplicate, the original to be re 
tamed in the sales depaitment, duxilicate and triplicate sent 
to the shipping cleik The shipping clerk mil fQl out the 
01 del so fai as possible, checking oft all the items he has 
been able to deliver He will file the duplicate for his own 
reference, taking caie to notify the sales department of any 
inability to fill out all the requirements of any order, and 
will send the corrected triplicate to the accounting depart 
ment, wheie it will be used as an original lecord for the 
ledger credits 

Ledgeis ot this ohaiacter can be used for eveiy kind of 
woik They give the management an accuiate statement of 
the various kinds of finished product on hand at any time, 
and are an aid in deteimming future policies in manufac- 
tuie If goods are not being sold lapidly, the reasons can be 
investigated to ascertain whether slow sales are due to laxity 
on the xiart of the sales dejiaitment, or to inferiority in man- 
ufactiue Ordinarily, a large percentage of letuins indicates 
the latter cause, and a careful investigation will leveal the 
true cause of the plant’s deficiency 



CHAPTER XIX 


RECORD OP EQUIPMENT 

The equipment of a plant may be sepaiated into four 
division? 

1 Hand tools and machine attachments used by the 
workmen in the couise of their woik throughout the day 

2 Patterns, templets, and other foims used foi special 
classes of work oi for special occasions 

8 Diawmgs, lecoids, and jilans 

4 The power machinery which makes goods undei the 
diiection of the woikmen 

In keeping track of each of these four classes of mateiial, 
a different piinciple is involved The tools of the first class 
aie used constantly, and to keep track of them, they must be 
put in a place convenient for the woikmen The tools should 
be so ai ranged in the tool-ioom that anyone can find them at 
once, even if ho is a comparative stranger to the room, and 
the system of accounting for stock must enable the store- 
keepei at any time to teU who has a tool out 

As has already been stated, the best situation for tire tool- 
loom is near the center of the shop If, however, there is 
any great diffeience in the rate of wages paid to the men, it 
will be cheaper to place the tool-room nearer to the machines 
at the section of the shop where the most skilful and expen- 
sive labor 18 situated Frequently, however, the higlily paid 
workers have one oi moie helpers, so our rule wiU again have 
to be modified It is the woikmen who have no helpers, and 
yet are highly paid that should be nearest tlie tool-room 

1 To keep track of the tools within a tool-room in such 
a way that anyone can find them is not so difficult a task as 
294 
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it might seem In a plant like a textile establishment which 
has really little if any need foi hand tools, the tool room is 
small and unimportant, and almost any system suffices that 
makes it possible to know who have possession of the tools , 
but in a machine shop wheie there are a great many small 
tools and attachments for machines, hammers, chisels, driUs, 
wienchos, taps, dies, gauges, and a hundred other different 
kinds of mstramonts constantly in greatei oi less demand, a 
convenient system must not depend upon the memory of any 
one 01 of several individuals 

Two systems aie m general use to keep track of materials 
in machine shops 

(a) The tools may be aiianged m classes and gioups By 
this scheme, all cutting tools aie kept togethei m the cutting 
class, the machine cutters being put in a group by them 
selves, while the hand-cutting tools are grouped separately 
Within these groups the tools are arranged accoiding to then 
use If they bore holes, they go under boiing cutteis, if 
they cut groo-ves or flat surfaces, they are plane-cutteis 
They are also arranged in order of sizes One firni caiiies 
out this scheme to a very elaborate extent 

The tools in the tool-ioom should be kept in good condi- 
tion by the tool-shop The workmen should be relieved of 
the necessity of grinding or caring for them There should 
always be a large supply of the more commonly used tools, 
and at no time should a workman fail to obtain a tool when 
wanted Thcie should be no red tape necessary to get a tool 
The workman should be held responsible for a tool after he 
has received it, but should not be put to any unnecessary 
trouble to get it 

According to the plan outlined, accuracy m record and 
availability for use can be achieved by stamping on the tools 
their proper letters, so that one, even a stranger, need only 
look for the drawer or compartment bearing the same letters, 
in order to put them away in their proper place 



296 THE PRINCIPLES OF INDUSTRIAL MANAGEMENT 


(b) The othei scheme is to classify tools by numbers in- 
stead of by letters oi any mnemonic sign According to this 
plan, eveiy tool is indexed, and a person desiiing a paiticu- 
lai one, turns to the index, finds its numbei , and goes to the 
coiiesponding case oi diawei Theie is little difference in 
the pimciples of the two schemes Both peimit the tools 
moat geneially used to be stored m convenient places, and 
they Also keep all tools of the same class together 

Quite as important as being able to find the tools in the 
tool-ioom IS the ability to tell where the tool is in the shop 
Many tools aie used intermittently, and numerous duplicates 
aie unnecessary Large wrenches are required on big jobs, 
but even the laigest shops do not need to have many dupli- 
cates, provided the tool-room clerk is able to tell wheie a tool 
IS at any time A good device is to give the workman a set 
of Inass checks stamped with his number, so that the tool 
cleik may put a check in place of the tool which the work- 
man has seemed This check acts as a receipt foi the tool, 
and IS not to be letuined to the workman unless he delivers 
the tool to the cleik If a workman calls for a tool not on 
hand, the tool clerk can promptly tell who in the shop has 
it The woikman may then borrow the tool, or leave his 
check with the toolkeeper, get the other man’s check and 
exchange it for the tool The second workman might also go 
directly to the first man and exchange a check for the tool 
The next time the first worlonan goes to the tool-room he can 
exchange this check for his own 

By this simple scheme shops can keep track of all tools 
while out of the tool-room With the check system, work- 
men can be made to deliver all borrowed tools before they 
permanently leave the plant, because they can be compelled 
to retmn a full complement of checks before they will be 
given a clearance paper fiom the tool-room 

The system mdicates who has any particular tool out at 
^my time, but it does not show how many tools any particular 



RECORD OF EQUIPMENT 


29V 


workman has If it is desirable to keep tiack of tins, the 
tool cleik can have a list of the woiltmen’s nmnheis, and 
entei therein the numbers of the tools each workman taler s 
out Theie are so few advantages, howevei, m having this 
information that it is seldom, if evei, recoided In some 
cases expensive or special tools, as a diamond-cuttei, may 
require a special receipt fiom the uorlmian, but otherwise 
the tool-ioom clerk can keep sufficiently close watch on the 
tools a man has out by keeping recoid of the checks a woik- 
man has lost, and by noting his calls foi any tools which 
would be unusual foi his particulai woik in the shop If 
the man is about to leave and has lost checks, the cleik need 
merely refei to his memorandum, and insist that all othei 
checks be accounted foi by tools This may seem a fiee and 
easy method for one to keep track of thousands of tools and 
hundreds of worlonen, but, as a matter of fact, the fine that 
IS attached to the loss of checks makes it unprofitable for a 
man to take tools which are not extremely valuable in then 
nature, and in those cases thr special receipt is ample pro 
tection 

Besides keeping the tools convenient to the men and 
keeping track of them in the tool-room and in the shop, the 
tool department should be able to report to the management 
the kinds and makes of the most serviceable and profitable 
tools A convenient and reliable scheme is to have stamped 
on the shank of the tool, or in some inconspicuous part, the 
date of its purchase and the cost mark, and, if it la not 
already there, the name of the firm which made it If this 
plan IS followed and care is taken to issue the tools unde r 
comparison, an equal number of times, the management can 
soon tell which makes are proving the most efficient and 
economical It can also determine from tins record what is 
still more important the actual expenses connected with the 
tool department and what classes of work aie the most ex- 
pensive users of tools 
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2 The second class of equipment — ^patterns, ]igs, tem- 
plets, and other forms and guides foi the workmen — are not 
important in many lines of manufactuiing In many otheis, 
however, they aie used almost continuously In some classes 
of production the foims or patterns must be renewed eveiy 
year oi so, not because they are worn out, noi because the 
firm ceases to manufacture goods of a similai grade, but 
simply because the whim of fashion has called foi something 
else a little different in shape or form In the shoe industry 
the question of lasts is troublesome Some factories sell 
their lasts to concerns that maniifactuie a cheapei oi lower 
grade of shoe, and hence do not cater to the moie fastidious 
public Even when lasts are sold, they are sold at a loss to 
the concern Eventually every shoe manufactiiiei must sacri- 
fice a great deal of money yearly thioiigh the discontinuance 
of certain styles and the mtiodiiction of others Great as 
this loss IS in total amoimt, it does not put a heavy buiden 
op anyone pair of shoes, because a concern manufactuies 
thousands of pairs in a year, and the money expended upon 
the lasts is distributed through so many pans of shoes, that 
it adds but little to the cost price of the shoe 

Other mdustries find patterns and forms ]ust as essential 
as does the shoe industry An engine cannot be built with- 
out using many expensive patterns and foims of various 
kmds, and general machine shops rapidly accumulate a 
large number of patterns The drawing-room receives the 
specifications for all contracts, and it can make possible 
heavy savings m using old forms and patterns if they hap- 
pen to know of previous jobs whose patterns can be adapted 
to the new undertaking 

It IS important for the drawing-room to know just what 
patterns it has at any particular time Few engines made 
at different times are exactly alike, yet every new engine 
must have a complete set of patterns, which will in all prob- 
ability never be duplicated The patterns may represent 
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several thousands of dollars in labor and materials, and be 
useful for only one contract It is not to be assumed tliat 
these patterns represent a dead loss, for, although they may 
never be used again as they stand, they can frequently be 
utiliJ-ed for other orders by making alterations Because 
they may be adapted to other work, manufacturing firms al- 
ways keep ]iatterna, whether the work is likely to be dupli- 
cated or not If a plant has been in operation for some time, 
these patterns may accumulate to embarrassing proportions, 
and unless there is some system of registration for them and 
the drawings which they represent, duplications and partial 
duplications of these forms will constantly occur and occasion 
large losses Companies eaily began to develop plans for 
cataloguing drawings and patterns 

8 One scheme was to classify the drawings by the num- 
ber of the contract, and to list the name of each by the part 
of the engine it represented Thus, a drawing of a high- 
pressuie cylinder of the 121st contract would be entitled 
“high-pressuro cylinder,” and in some less prominent place 
on the sheet would be printed “Contract No 121 ” The 
patterns would be numbered in a corresponding manner 
The system is faulty, because the contract number gnes no 
intimation as to the kind of job represented Should it 
happen tliat the shop turns out water turbines, steam pumps, 
hoisting engines, blowing engines, and marine engines. Con- 
tract No 121 might be anyone, and since patterns and draw 
mgs weie filed and stored in order of the number, the disad- 
vantages were many, but the system had in it suggestions 
for a better one 

Few, if any, contracts go through a drawing-room with- 
out the chief engineer and the draftsmen knowing for whom 
they are intended Involuntarily the niunbei of the contract 
becomes associated with the purchasing firm, and the said 
firm IS, m nine cases out of ten, engaged in a particular busi- 
ness If the company orders a blowung engine, it is in the 
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lion business, and not likely to call foi marine engines 
The contract numbers become attached to the film’s work, 
and the fiims become associated with certain classes of ma 
chmeiy To the men in the drawing-ioom, a new order for a 
blowing engine calls to mind the firms nhich lia\e ordered 
similar engines m tlie past, and they recall the contiact 
niimheia which have been attached to those fiims This co- 
incidence gaie rise to anothei system of tabulating drawings 
and patterns, \iz 

To classify alphabetically according to the names of the 
films who Older This system is snpeiioi to the previous 
one 111 that it simplifies the search for drawings of machineiy 
of a similar tyjie, and reduces the probability of drawings 
being overlooked To the older men m the office a firm’s 
name suggests the kind of maclimeiy it is in the habit of 
seeming, and they involnntaiily start to hunt them up when 
macliineiy of that tyjie is reoideied Although in a mod- 
eiate-Bized plant the system is quite satisfactory, in a very 
large one it fails because new men are constantly coming in 
who do not know all the oideiing firms, noi remember their 
characteiistics Besides, oideiing firms at times radically 
change their work and call for other things, so that impor- 
tant drawings may be forgotten, especially if there has been 
any change in the admimstiation of the engme-building 
company The system tends to fail because men are com- 
pelled to remembei too many names, and too much about 
past orders 

An effective system is to classify tlie machinery into 
groups, and give each group a distinctive number Engines 
of the recipiocatmg maiine type might all come under 600, 
if simple engines then number will be 610, if compoimd 620, 
triple expansion 630, and so on Should the steam expan- 
sion of the simple engine occur in two cylinders, its number 
would be 612, by letting the units represent the number of 
cylinders, a triple expansion engine with five cylinders would 
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be 686 Tbe arrangement of the cylinders over each other 
determines the number of connecting lods, piston-rods, 
cranks, housings, and the like, which the engine will leqiine 
Frequently a dve-cylinder engine will have four of the cylin- 
ders arranged in pairs tandem, while the fifth will be single 
An engine of that character will have three connecting-iods, 
three cranks, three sets of housings oi their equivalent, three 
sets of ecoentiic rods, m brief, the engine will be built on a 
tuple basis throughout These kinds of arrangements could 
readily be indicated by the addition of decimals Thus, if a 
quadruple expansion maiine engine had six cylinders ai- 
ranged — tivo tandem, two single, two tandem — it could be 
expressed 646 2112 Should there be any otliei chaiacteiis- 
tics that were desired to be shown, it could be done by the 
insertion of letters, oi some othei simple device Thus, 
suppose the above quadruple expansion engine had suifaco 
condensers, they could be indicated by a letter “S” substi 
tuted foi the decimal, thus 546S2112 A jet condenser would 
be shown by the substitution of a letter “ J” instead of the 
letter “S ” 

A system of classification based upon tins general outline 
possesses the advantage of giving easy accessibility to all 
kinds of machinery of any class made at any time In ad- 
dition to its application m the drawing room, it can be used 
in the pattern storage houses 

A convenient scheme for the arrangement of the jiatteins 
is to apply the drawing-room classification to the placement 
of the patterns m the storage shed The drawings above 
have been niunbeied according to a ceitain grouiiing system, 
which gives characteristic numbers to each class of engines 
or machinery manufactured, so tliat one can tell at once by 
the number what an engine is like, and much about it If 
we divide up the pattern storage room on a basis of that 
classification, all the patterns foi the engines and engine 
parts would be readily accessible All engines, although they 
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may diSer -widely in then design, stractme, and size, have 
ceitain parts which aie in the mam common, as cylinders, 
steam cheats, engine fiames, bed plates, shafts, fly-wheels 
The patterns may be gionped eithei by contracts as a whole, 
01 by like parts of different contiacts 

The fiist scheme has the disadvantage that patterns of 
small and large parts and of diasimilai pieces aie likely to 




Fig 64 —Pattern Record Card (Piont ) 

be piled together at the expense of good order and of storage 
space If all the siinilai parts of the various machines are 
grouped together, it is easier to find the same kinds of 
pieces , and if the system of arrangement is made to coiie- 
spond to the drawing numbeis, the particular patterns can 
easily be located 

In addition to having -the patterns accessible, it is highly 
desirable that the drawmg-room should know the exact con- 
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dztzon of each pattern, and whore zt zs at any tzme This 
can be accomizhshed by havzng hied zn the draz\ing zoom 
cazds which give the numbei and complete history of each 
pattern, showing all alteiations Copies of the caid may be 
kept on file in the office of the pattern storagz zooms When 
the pattern is taken fiozn storage, its caid may be lomoved 
from the usual filing dzawer to another one, so tliat all the 
patterns in the storage shed may be in one couipaitinent, 
while those in the foundry oi pattern sliop may be in anothei 
(See Fig 54 ) 

If, lu addition to the scheme of segiegatmg the pattern 
caids, to show those out of storage the plan to he adopted of 
requiring evciyoiie who secuies a pattein to leme a leceipt 
countersigned by the foieman of the department to which it 
goes, and of filing that leceipt with the pattein card, it be 
comes a -veiy simple matter, indeed, to trace the pattein at 
any timr If any alteiations have been made on the pattein, 
the nature of these changes may be entered on the back oi 
the card, so that one will ha\ e a comiilete record of the pat 
tern fiom the time it was hist constuicted until it is de- 
stroyed 

The principles outlined foi keeping tiack of patteins may 
be earned out foi keeping tiack of any other kind of ma- 
teizal Some concerns have adopted a filing scheme based on 
the Dewey Decimal system foi then technical liteiatuie 
The Engineering Expeiiment Station of the Univeisity of 
Illinois has published seveial pamphlets showing how the 
Dewey Decimal System of classification may he applied to 
Engmeeimg and Architectuial ivoik ‘ 

According to the Dewoy system, all knowledge is sepa- 


^Bulletvns Nos 9 and 13 University of Illmois Engineering 
Experimeuc Station An Extension of the Dewey Decimal System 
of Classification Applied to Engineering Industries,” and An 
Extension of the Dewey Decimal System of Classification Applied 
to Architecture and Building ” 



604 : THE PRINCIPLES OP INDUSTRIAL MANAGEMENT 


lated into ten claases, and each class is given one of the 
hundieds for a numbei, viz 

000 General including Astrology Palmistry and Works of a 
similar character 
100 Philosophy 
200, Religion 

300 Sociology and Economics, the Social Sciences 

400 Philology 

500 Natural Science 

600, Useful Arts 

700 Fine Arts 

800, Literature 

900, History 

Each of these classes is bioken into nine divisions with a 
tenth division for geneial mattei in the class, and each divi- 
sion IS in turn separated into nine sections The sections 
aie again subdivided, and the process may be earned on 
indefinitely 

To show clearly the working of the system the divisions of 
Class 6 (useful arts) and the sections of Division 2 of this class 
(engineering) are given 
600, Useful Arts 
610, Medicine 
620 Engineering 
680 Agriculture 
640, Domestic Economy 
650, Communication and 
Commerce 

660 Chemical Technology 
670 Manufactures 
680 Mechanic Trades 
690, Building 

"It will be seen that the first digit gives the class the second, 
the division and the third, the section Thus 625 mdicetes Sec 
tion 6 (railroad engineering) of Division 2 (engineering) of Class 6 
(useful arts) For convenience a decimal point is inserted after 
the section digit Further subdivision is indicated by digits fol- 
lowing the decimal point For example, 626 2 is the number indi 


620, Engineering 

621, Mechanical 

622, Mining 

623 Military 

624 Bridge and Roof 

625 Road and Railroad 

626 Canal 

627, River and Harbor 

628, Sanitary Waterworks 
629 Other Branches 
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eating rolling stock , 625 23 passenger cars 625 24 freight cars, 
etc 

“Uaea and Advantages of the Classification and Index —The 
decimal classification may be used to advantage in the indexing 
and filing of notes and memoranda clippings geneial information 
articles in technical journals drawings catalogues or books For 
this purpose the decimal system possesses certain important ad 
vantages over the alphabetical system 

‘(1) It groups allied subjects For example, suppose the alpha 
betical arrangement to be applied to a ease of catalogues The 
catalogues of the various machine tools, as planers, lathes, drills, 
hammers, etc , would be scattered throughout the case With the 
decimal system on the other hand all these catalogues would ba 
grouped together under the class number 621 9 

‘ (2) Unless an elaborate system of cross reference is used the 
alphabetical scheme is ambiguous m many cases there is doubt as 
to what letter should be given a subject For example take the 
item Automatic pneumatic block signals ” This might almost 
equally well be indexed under A P B or S With the decimal 
system this item has its one number 666 256 4 

‘(S) The decimal system has the advantage of flexibility and 
an indefinite capacity for extension For the indexing of books 
and catalogues only the main division and sections will in general 
be found necessary but for card indexes of technical literature 
the most minute subdivisions must ordinarily be used In indi 
vidual cases the user may find that still further division is re 
quired An extension may then be made by aaJing another decimal 
place and if still further subdivision is required still another digit 
may be used 

The average engineer, for example, can easily index all matter 
relating to traveling cranes under the single class number 621 872 
The designer or builder of cranes may, however have so much 
matter relating to this special subject that further subdivision is 
needed By the addition of a digit this mattei may be aivided 
into nine groups designated by 621 872 1, 621 872 2, etc , and if 
necessary, each of these maybe divided into nine new groups 
While this system woiks well for the filing of books, clip 
pings, and diawmgs, it has its limitations when used to ai 


^Bulletin, No 9 University of Illinois, Engineering Experi 
ment Station pp 2 to 4 
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range contracts and patterns Manufacturing firms, as a 
nilp, have specialized their work to such an extent that it is 
unnecessary foi them to have any general class number like 
621 , to let them know then contract deals with mechanical 
01 electiical engineering machinery Foi locating patterns, 
such numbeis are not only unnecessary in the average shop, 
liut are confusing, hence, while the Dewey system of classi- 
fication IS excellent tor filing all information which the firm 
may gathei iiom outside sources, a simple modification like 
the one aboi e suggested, may be used to advantage m cata- 
loguing pitteina and contiacts 

4 In oidei to keep a sufiicient lecord of machines, the 
management should know the foUoumg 

(a) Aie the machines lunning to then full capacity all 
the time tin woikmen me attending to them? 

(b) Are tliere sufiicient machines to do the class of woik 
lequired by the shop? 

(c) What is the up keep cost of the machines in repairs, 
lust tune, etc , and the reasons for these expenses? 

(d) What IS the rated and real capacity of the machines? 

When a company purchases a machine, the salesman is 

quite apt to make extiavagant statements concerning the per- 
formance of the device, and the apparatus often proves to be 
far less efficient than one would conclude from the salesman’s 
representation Manufacturers have fiequently been inclined 
to disciedit salesmen’s piomises fifty to one hundred per 
cent In many instances such action is unfair to the sales 
man and to themselves, because they may not have gotten 
the possibilities fiom the machine, and may blame the sales 
man for misrepresentation while then own woikmen are at 
fault The lack of output may be due to prejudice against 
the device on the pait of the woikmen, who, to prevent 
changes in wage rates, will not make the machine produce 
to its utmost Sometimes they feel that the output from 
previous machmes is sufficient, and that the new machine is 
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to be considered a labor-saver, in the sense that it will save 
them from everting themselves, as formerly, in order to make 
tho old standard output The old way of managing a shop 
compelled the foieman to be alert to prevent machine hands 
from soldiering If the boas is familiar ivith aU the ma- 



Fig 56 —Record Card of a Bristol Automatic Time Re 
corder Applied to Two Paper Machines, Showing All 
Idle Time in Twenty-four Hours 

chines in operation, he can pi event idleness to a very great 
extent, but it is possible to loaf on machine work, even with 
the best and most knowing overseers A number of ingem 
oils devices have been put on the market to eliminate depen 
dence upon the foreman’s knowledge These automatic 
lecoiding devices keep track of the power used per hour, of 
temperatures, and of pressures at all times In fact, one can 
hai e almost anything recorded With them one can tell from 
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the powei and time leeoids wlietliei the machine is using up 
all the powoi demanded by its maximum capacity, and what 
is the extent of its idle time dm mg any peiiod 

The following figuies and illustiations give an idea of the 
application of lecoidmg mstiuments to mdustiial conditions 
Fig 65 shows an application of it to two papei machines 
E\eiy time eithei of the machines stopped, the recoiding pen 
for the machine diopped towaid the peiipheiy of the caid, 
and the duiation of the idleness is shoivii by the length of 
the notih Figs 56 and 57 show the tempeiatiiie lecoids, 
“the chart No 661, of December 15, 1908, was drawn 
shortly aftei the installation of this thermometei on oui 
feed-watci system That of Apul 18, 1909, is from the same 
instiunient A comiiaiison of these two will give you an 
idea of the mipio\nuent it is p<jssible to attect in feed-watei 
temperatuie, with the aid of a sensiti\e, accuiate tecoidei 
One gieat ndiantage of all these lecoiding mstiuments is 
that no mattei wheie the opciations aie earned on, the le- 
coiding apparatus can be concentrated at any point In this 
w ay it IS possible to have aU the records m the office of the 
foieman oi superintendents while tliey are being made 
Many plants, howe\oi, do not have the mstiuments so placed, 
because if they are going to get the greatest efficiency out of 
then men, it is well to let the workers see just what kind 
of a record they are making while on duty The foiemen 
should be around to see the men from time to time, so there 
is no great advantage gamed by having the gauges gathered 
together m his office, oi that of some superior official The 
super mtendent of a large plant has othci duties than watch- 
ing gauges m operation His clerk should gather the records 
and call his notice to any had lepoits oi unusual showings 
which need attention He will thus know what to investi- 
gate, and should not be tioublod with the records when 


1 Bulletin, No 111, The Bristol Companj , September, 1909 
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everything is going as well as present methods make possi- 
ble His time under those condrtrons can be better em- 
ployed in improving the methods in operation 

If the records kept show that machines are always imr- 
ning at their full capacity, it is fan to expect them to make 
then piomised output Not only is it necessaiy to see that 
imchinos are making their promised outputs, but care should 
be taken to see that they make it consistently throughout 
long lapses of tune Many firms keep daily records of ma- 
chine outputs m such a way that a person can tell at a glance 
how the department is running These records are frequently 
usrd in connection with other data Mi H L Gantt in 
1908 published a paper, entitled “A Graphical Daily Bal- 
ance in M inufactuie, ” to show how a daily balance scheme 
can be used to facilitate getting work tinned out by'' a de- 
partment The advanbiges of his duly balance scheme, as 
he presented it, aio that it aids the foreman by showing him 
at a glance what is to be done, and what he has alieady^done 
on any particular lot In oidei to show this he presents 
some tables indicating his balance sheet scheme, which aie 
here rcpioduccd (See Fig 68 ) 

One wiU observe that this is merely a plan for keeping 
track of unfinished material, not unlike some pieviously 
described, but the scheme can be used to determine whether 
the plant is over or under supplied with any kind of ma- 
chines Indeed, Mi Gantt, m his note at the bottom of the 
Tight of Fig 58, calls attention to the fact that it can be so 
used “This table shows the way Fig 68 woidd look if the 
works were short of frame-dulling capacity ” Any one of 
the schemes used to keep track of partly finished goods would 
likewise show any deficiencies in machine equipment, pro- 
vided the foreman could prove it was not due to lack of labor 
or to his own insufliciency 

After a firm, is satisfied that its machinery is working to 
its full promised capacify, and has demonstrated that it has 
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sufficient machineiy on hand to do the woik required, the 
next question, and an exceedingly impoitant one, is to de 
teimine which machines aie leally the most economical to 



Fig 68 —Records Showing Output of Machines Adapted from 
a Paper Given by H L Gantt “A Graphical Daily Balance 
in Manufacture ” Transactions American Society Mechanical 
Engineers, vol xxiv, pp 1322-36, Pigs 290, 291 

have A large textile establishment once introduced a nuin 
her of costly looms which were guaranteed to turn out a eer 
tain quantity of cloth within a given period In testing the 
looms it was found that they made the output with little 
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appaient effort, but when it came to examining the output 
records of the departments, it was found that the looms were 
not neaily so efficient as they were expected to be It was 
f omid on investigation that the loss in output was due to lost 
time taken in repaiimg and looking after the machinery 
The manager then kept a record of the amount of lepairs and 
of lost time on the looms, and found to his amazement that 
they weie not neaily so efficient as the ones that had been 
discarded Upon further investigation ho found that the 
opeiatoi-s were unfamiliar witli the electiical staitmg devices, 
and thiough then ignorance were causing the firm a loss of 
himdieds of doUais Many concerns keep records of tins 
type foi every machine in their plant, and they find the 
records aie helpful in determining what machines are best 
suited to then purposes, as well as being useful in determi- 
ning the lepair and depreciation charges (See Fig 59 ) 
Within recent yeais, some important textile concerns 
have adopted an effective inventory scheme A plan is made 
of every department of the establishment, and on it is indi- 
cated every machine or piece of equipment within the sec- 
tion oi the plant represented All pieces in the department 
are numbered, no matter how small, and are shown m the 
drawing (See Fig 60 ) In addition a separate record is 
kept containing an accurate description of the machines, and 
also mfoimation relating to their prices, dates of purchases, 
rates of depreciation, from whom purchased, by what power 
diiven, when and how disposed of, and the amount realized 
on then disposal (See Fig 69 ) 

The drawings alone present considerable information 
They show the ^mensions of the plant or department, and 
indicate the exact position of every piece of equipment, while 
on the same sheet with the drawing is tabulated a brief de- 
scription of the macbines, the number of each, the methods 
of driving them, and a description of the motive power A 
more detailed statement of these items is entered on type- 
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wiitten sheets, which give full desciiptions of the inventoi;y 
Whenever a change is made in the equipment, the diavmg 
IS alteied, the table is collected to coriespond with the 
change, and the descriptive pait of the loeord is collected 
in Older to give accurate indication of the new conditions 
within the plant 

Accuiacy and fairness in keeping these inventory lecoids 
aie essential Insuiance companies piefei, at times may 
e\en insist, that they be kept by disinterested appraising 
firms in order ^ i guarantee absolute tnistivoithmess It is 
not, hon ever, an imperative necessity foi an outsider to keep 
such records, because fallacies may be detected from internal 
evidence Sive in unusual cases, machineiy is acquired liy 
puichasp, a bill of sale is always given with such tiansac 
tions, and the inachine-manufactui ing companies keep then 
sales records In case of any dispute the insurance com- 
panies can lefei to these records, and thus, by making 
proper depreciation allowances, obtain a close appioximation 
of the value of tlie rnacliineiy from an independent soiiice 

This inventory lecoid possesses a number of advantages 
Aside from its importance in case of fiie, it keeps the finn 
thoroughly mfoimed as to the exact status of aU its posses- 
sions within the plant The true value of the equipment, 
both in total and in individual items, is never obscured 
Even if the records are not accurately kept they serve as a 
convenient basis for tracing out the original value It fre- 
quently happens that the assured will, unless he possesses 
such a record, be miable after a fire to tell ]ust what his 
losses are Many times he overlooks important items in his 
loss statements to the insuiance companies, and does not 
recover amounts to which he is justly entitled Insuiance 
companies feel quite justified in paring down claims when- 
ever their validity is in any doubt, and theie are often pos- 
sibilities foi disagreement where no such record is kept 
Seldom, indeed, after large conflagrations, are afliustments 
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made without f notion, and always at the expendituie of con- 
sideiable sums of money These sums fai exceed the cost of 
installing a piopei file inventory system, while the after- 
expendituies are never satisfactory 

It file never occuis in the plant, the additional woik re- 
quiied to keep this tjpe of inventory is so small compaied 
■with the advantages gained by having a chait of the equip- 
ment constantly in view that it is well worth the tiouble to 
have it, if only to help keep the othei lecoids, as shown in 
Fig 69, which lefeiB to output and lepaiis on machines 
The plat lecoid shows at a glance all the things that the firm 
owns, while the othei figuie gives the details of each individ- 
ual item It 18 an ideal inventoiy record for machineiy 
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Water ponei 103-166 

influence of, on location of 
milling industiies, 22 
puiiflers, 170 
softeners, 170 

supply, as affecting insurance, 
37 

tui bines, 104 

Westmghouse Eleotiic and Man 
ufactming Co, 210 
Wilmington, as an oil port, 60 
Windows, 154 
sawtooth, 154 

Wool, ten leading states in the 
production of, 16 
ten leading states in the man 
ufacture of 16 

Woik, spoiled, lecoid of, 255 
260, 268-201 

Works, Baldwin Locomotive, 24, 
26 

Workers, record of, 233-261 
contract slip 247-249 
dailj time card, 247 
tag scheme, 249-262 
time book, 244-246 



